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FOREWORD

The Langley Aerospace Research Summer Scholars (LARSS) Program was established by
Dr. Samuel E. Massenberg in 1986. The program has increased from 20 participants in 1986
to 114 participants in 1995. The program is LaRC-unique and is administered by Hampton
University.

The program was established for the benefit of undergraduate juniors and seniors and first-
year graduate students who are pursuing degrees in acronautical engineering, mechanical
engineering, electrical engineering, material science, computer science, atmospheric science,
astrophysics, physics, and chemistry.

Two primary clements of the LARSS Program are: (1) a research project to be completed by
cach participant under the supervision of a researcher who will assume the role of a mentor
for the summer, and (2) technical lectures by prominent engineers and scientists. Additional
elements of this program include tours of LaRC wind tunnels, computational facilities, and
laboratories. Library and computer facilities will be available for use by the participants.

The LARSS Program is intended to encourage high-caliber college students to both pursue
and eam graduate degrees and to enhance their interest in aerospace research by exposing
them to the professional research resources, people, and facilities of Langley Research
Center.
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INTRODUCTION

The LARSS Technical Reports are a summary of the research project developed by the
students during the summary of 1995.

The following is a list of the areas where students were placed for the 10-week period.

OFFICE OF EDUCATION

The Office of Education serves as the primary focal point for most educational opportunities
through research. The Office of Education also serves as the focal point for internal
customers who require information on institutions of higher education and provides selected
funding support for research scholarships, fellowships, and post-doctoral research
associateships.

OFFICE OF HUMAN RESOURCES

The goal of the Office of Human Resources (OHR) is to maximize the performance potential
of the employees of NASA Langley Research Center through planning, policy formulation,
andadnnmstrauonofhmnmsomcepmgnmsandp!wedms. The areas of emphasis
include: position classification, recruitment, career development, labor relations,
performance management and awards, training and education, employee benefits, -
organizational development, occupational health, and retirement. Research opportunities
exist in the following categories of effort: personnel information systems, human
performance technologies, learning support and transfer techniques, organi-ation design, and
change dynamics.

OFFICE OF EXTERNAL AFFAIRS

The Office of External Affairs manages a broad range of programs designed 1. coinmunicate
with and monitor the external environment. These programs involve public affairs,
congressional affairs, public services, freedom of information (FOI), technical conference
management, research, writing and editing, exhibit design and fabrication, speech writing,
and a variety of other staff support for the Center. The office includes the Office of Public
Affairs (OPA) and the Office of Public Services (OPS). OPA serves as a communications
facilitator between center management and news media and the public about research
programs and other subjects of interest. OPA issues news releases, etc., and publishes the
center newspaper. OPS communicates the Langley and NASA'’s story through special
events, exhibits, Center tours, community services, trade shows, speaking engagements,
special publications, and public mail.
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OFFICE OF COMPTROLLER

The Office of Comptroller is responsibie for the centralized planning and analysis of all
Center resources and financial management activities. The office is the focal point for the
developiment and execution of financial and resource decisions. The Comptroller has two
divisions: Financial Management Division and Programs and Resources Division.

AERONAUTICS PROGRAM GROUP

The Aecronautics Program Group (APG) is responsible for planning and guiding acronautics
programs for the Center. The Group leads the Center’s acronautics strategic planning and is
the single point of contact for committing the Center to acronautics programs. APG interacts
with customers and performs aircraft vehicle studies to obtain an integrated set of research
objectives. APG also provides program management for focused programs when
implementation is distributed across several Langley organizations. APG vehicle class
leaders work with external customers and other Langley groups to define specific programs
to accomplish the objectives. The group is responsible for resource allocation and reporting
aeronautics program results. The APG contains the Aeronautics Systems Analysis Division,
Systems Analysis Branch.

INTERNAL OPERATIONS GROUP

The Internal Operations Group (I0G) supports the Ceater’s research programs and project
activities, with special emphasis on formulating and implementing major policies and
programs relating to resources management, acquisition and contracting activities, data
systems management and technical support services. This support also includes the Center's
Construction of Facilities program; all functions necessary to design, install, operate and
maintain large mechanical and electrical systems, complex research facilities and equipment
and test apparatus; all functions necessary to provide and maintain institutional buildings,
stmcmaudyounds.aﬂfuncﬂonsmsarytopmvﬂedcs:gn,malysxs fabrication and
operatir . of complex acrospace systems and research test articles; Center-wide electronic
discipline for projects and programs; the operation and maintenance of the Center’s central
computer complex and simulation facilities; and all functions necessary to operate and
maintain the Center's daily flight operations inclusive of aircraft and avionics maintenance,
research pilot staff management, and direction of all related design, fabrication, testing, and
certification of experimental flight control and display systems. The following items
represent active research disciplines: Electronic and Information Systemns, Advanced Sensor
Systems, Measurement Science and Instrument Technology, Advanced Computational
Capability, £ngineering, Mechanical Systems Engineering, Facility Systems Engineering,
Matez:- 15 Characterization Technology, and Engineering Laboratory Unit.
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RESEARCH AND TECHNOLOGY GROUP

The Research and Technology Group consists of approximately 800

scientists, engineers, technicians and support personnel who are responsible for performing
basic research and technology development in a broad range of acronautical and selected
space disciplines. Through an interdisciplinary approach, the group produces proven and
usable technology for aerospace and non-aerospace customers. The Research and
Technology Group program inclu.es research activitics in: Aerodynamics, Flight Dynamics
and Controls, Fluid Mechanics and Acoustics, Gas Dynamics, Competitiveness, Information
and Electromagnetic Technology, Materials, and Structures.

SPACE AND ATMOSPHERIC SCIENCES PROGRAM ((ROUP

The Group conducts the Atmospheric Sciences Research Program; leads Space Project
Management; provides management of the space-focused technology programs of Space
Transportation, Spacecraft, and Remote Sensing; and conducts system analysis for
technology planning, assessment, and prioritization. The program includes the following
specific research activities: Stratospheric Aerosol and Gas Experiment (SAGE), Climate
Research Program, Tropospheric Chemistry Research Program, Upper Atmosphere Research

Earth Radiation Budget Experiment (ERBE), Halogen Occultation Experiment
(HALOE), Global Biogeochemical Cycling, Transportation Systems, Spacecraft and Sensor
Systems Definition and Analysis Tools, Conceptual Designs for Small Spacecraft and
Instruments, and In-Space Technology Experiments.

TECHNOLOGY APPLICATIONS GROUP

The Technology Applications Group (TAG) leads the Center’s technology transfer and
commercialization program. This includes the early identification of technologies of high
commercial potential and promoting the expedient transfer of new technologies to the
commercial sector focusing primarily on the nonaerospace community. This is accomplished
by identifying potential technology applications and creating teams of nonaerospace
customers and LaRC technologist to accomplish the transfer process. In addition, the TAG
has the lead in determining and protecting the government’s rights to pateat inventions made
by NASA and contractor employees and providing counsel with respect to NASA’s rights in
intellectual property matters. TAG also provides the overall leadership for planning and
implementing the Center’s Small Business Innovation Research Program (SBIR) and the

_ Smc1l Business Technoiogy Transfer Program (STTR). The Agency conceives and matures
inravative concepts and methodologies applicable to its focused research programs in
acronautics and space. Langley seeks synergistic partnerships with industries and
universities in these mission programs. A dynamic, cooperative teaming with national
laboratories, industry, and universities creates a win-win situation. Industry has access to
state-of-the-science experts, facilities, and intellectual property; universities have access to
enabling research topics and teams for student growth and faculty focus; and NASA benefits
through the mission-related accomplishments, As students graduate, they have improved
opportunity for jobs, and industry has in addition to a new product, a well-trained work force
familiar with their products and initiatives. In practice, depending on the relationship of the
work to our mission and technology thrust, industry funds a university faculty member and a
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student to work on a technical problem related to one of their products, and LaRC signs a
Space Act Agreement spelling out our respective responsibilitics. The parties work together
as a team, bringing their collective strength to bar on a specific problem. Colleges and
universities complement NASA's basic research by introducing and formulating theoretical
bases for new concepts and ideas for inclusion in NASA's mission and programs. In
addition, academic institutions facilitate, promote, and support technology transfer and
commercialization of advanced acronautics, space, and related technologies to both technical
and non-technical settings through creation or enhancement of courses and curricula to reflect
knowledge transferred from NASA-conceived methodologies or technologies, direct student
involvement in NASA-sponsored research projects and missions, and publication and
presentation of research findings.
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Listing of the 1995 Langley Aerospace Research Summer Scholars

Name/University Title Group/Mentor
Julia A. Barsi Clouds and the Earth’s Space and Atmospheric
Rochester Institute of Radiant Energy System Sciences Program
Technology Visualization Single Group
Satellite Footprint Plot Jon C. Currey
Generator
Danielle L. Beck Oshkosh Logistics Management Office of External Affairs
University of Utah and Public Relations Margaret Hunt
Responsibilities At NASA
Langley
Kory L. Bennett Development of a 3-Phase CCD Internal Operations Group
North Carolina A&T State Timing Generator Preston 1. Carraway
University
Sean Berhan Structural Analysis of Research and Technology
University of Virginia Composite Test Panels Group
Marshall Rouse
Chad J. Billings Geographic Information System Internal Operations Group
University of Utah Data Analysis William B. Ball
Hollie N. Bodiford Polarization and Research and Technology
Hampton University Characterization of Piezoelectric Group
Polymers Joycelyn O. Simpson
Kimberly R. Bullock Technology Transfer Technology Applications Group
North Carolina A&T State Rosemary Baize
University
Jason G. Bush A Numerical Study of Research and Technology
Old Dominion University Hypersonic Fuel Injectors Group
Griff Anderson
Atherton A. Carty Stress Tuning of Laser Crystals Internal Operations Group
Syracuse University Norman Barnes
Christopher C. Casad Geographic Information System Internal Operations Group
Old Dominion University Data Analysis William B. Ball
Anoushka Z. Chinea Emergency Operations Center ~ Office of Safety, Environment
University of Puerto Rico & Mission Assurance
Alan H. Phillips
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Name/University
Monet L. Cogbill
Hampton University

Michelle Considine
Old Dominion University

Angela R. Coppedge
Radford University

Brian D. Courchaine
University of Washington

Jonathan W. Cranford
Brigham Young University

Angela M. Davis
Meredith College

Jeremy D. Desch
University of Kansas

John Eastman
College of William and Mary

Remy S. Esquenet

Old Dominion University

Carter B. Ficklen
Old Dominion University

Litle

NASA Langley Teacher
Resource Center (TRC):
Brochure and Home Page

Design

Validation of Global
Climatologies of Trace Gases
Using NASA Global
'll)‘r‘zmhaic Experiment (GTE)

User Interface on the World
Wide Web: How to Implement
a Multi-Level Program Online

Office of Education Guide w
Graphic Arts Software

The Developmeat and Use of a
Flight Optimization System
Model! of a C-130E Transport
Aircraft

Curation of Federally Owned
Archeological Collections at
NASA Langley Research Center

NASA LaRC Hazardous
Material Pharmacy

Assessment of Electromagnetic
Fields at NASA Langley
Research Center

Group/Mentor
Office of Education

Marchelle D. Canright

Office of Education
Marchelle D. Canright

Office of Equal Opportunity
Programs
Vivian Merritt

Space and Atmospheric
Sciences Program Group
Joel S. Levine

Internal Operations Group
David B. Yeager

Office of Education
Samuel E. Massenberg

Aecronautics Program Group
Michael J. Logan

Internal Operations Group
John Mouring

Office of Safety, Environment,
and Mission Assurance
Robert D. Brown

Office of Safety, Environment,
and Mission Assurance
Alan H. Phillips



Luis G. Floriano
University of Texas at El Paso

Diane M. Flynn
London Business School

Jennifer R. French
Clemson University

Christy E. Gall
Norfolk State University

Kevin H. Garrido
University of Florida

Norman W. Gimbert
Virginia Polytechnic Institute
and State University

Jonathan R. Grohs
University of Missouri - Rolla

Belinda M. Harper
Virginia Polytechnic Institute
and State University

M. Bruce Harper
College of William and Mary

George W. Hartmell
College of William and Mary

Jonathan M. Harucki
Rochester Institute of
Technology

Marcus A. Hathaway
Hampton University

ditle
Geographic Information System
Data Analysis

Marketing NASA Langley
Polymeric Materials

Controlling Air Traffic
(Simulated) in the Presence of
Automation

LaRC Patent Process and Patent
Counsel Team Article

Finance

Active Flow Control

Dynamic Acoustic Detection of
Bouudary Layer Transition

Figures of Merit for Acronautics
Programs

Royalty Sharing for Private
Employees Under the
Stevenson-Wydler Act

The Patent Prosecution Program

Drawing the Reverberation
Chambers Lab Using AutoCad

NASA Langley Exchange
Investment Portfolio

Group/Mentor
Internal Operations Group
William B. Ball

Technology Applications Group
Barry V. Gibbens

Research and Technology
Group
Alan Pope

Technology Applications Group
Barry V. Gibbens

Office of the Comptroller
Debra E. Watson

Research and Technology
Group
Rich W. Wiezien

Research and Technology
Group
Guy T. Kemmerly

Office of Safety, Environment,
and Mission Assurance
Walter S. Green

Technology Applications Group
Kimberly A. Chasteen

Technology Applications Group
Kimberly A. Chasteen

Research and Technology
Group
Richard Chase

Office of the Comptroller
James Ogiba



Name/University
Marc O. Hedahl

Mina D. Henriksen
College of William and Mary

Jason R. Hess
Virginia Polytechnic Institute
and State University

Tracie Hill
Norfolk State University

James M. Hitt
Old Dominion University

Brian M. Howerton
George Washington University

Kathleen P. Hufnagel
Rutgers University

Esta M. Jarrett
University of Virginia

Angela N. Jenkins
Virginia Polytechnic Institute
and State University

Howard T. Johnson
Gallaudet University

Litle

Comparisons of the Maxwell
and Cercignani-Lampis-Lord
Gas/Surface Interaction Models
Using Direct Simulation Monte
Carlo

Various Embodiments of the
Non-Invasive Endoscopic
Feedback for Learning of
Voluntary Control of
Physiological Functoning

Implementation of a Remote
Acquisition and Storage System

Geographic Information System
Data Analysis

A Comparison of Three
Determinants of an Engagement
Index for use in a Simulated
Flight Environment

Improvement of Subsonic Basic
Research Tunnel Flow Quality
as Applied to Wall Mounted
Testing

Mode I and Mode II Analysis of
Graphite/Epoxy Composites
Using Double Cantilever Beam
and End-Notched Flexure Tests

An Examination of NASA
LaRC Travel Reimbursement
Procedures

The Value of NASA Form 533
and the Related Activities That
Aid in Obtaining Reliable
NASA Contractors

17-4PH & 15-5PH

xxii

Group/Mentar

Research and Technology
Group

Richard G. Wilmoth

Research and Technology
Group
Alan T. Pope

Internal Operations Group
Kenneth D. Wright

Internal Operations Group
William B. Ball

Rescarch and Technology
Group
Alan T. Pope

Research and Technology
Group
Greg Gatlin

Research and Technology
Group
T. Kevin OBrien

Office of the Comptroller
James Ogiba

Office of the Comptroller
James Ogiba

Internal Operations Group
Larry Cooper



Name/Universit
Kimberly D. Jchnson
Old Dominion University

Rashunda K. Johnson
University of Arkansas at Pine
Bluff

Tameka J. Johnson
Virginia Union University

Jason S. Kiddy
University of Maryland at
College Park

John M. Kruep
Virginia Polytechnic Institute
and State University

Craig A. Kruschwitz
College of William and Mary

Susanna Lai
Rochester Institute of
Technology

Catherine G. Lebiedzik
University of Virginia

Michael J. Leonard
Roanoke College

Title
The Effect of Different

Materials on the Accuracy of the

HYDRA Optical - Fiber -
Coupled Coherent
Range/Pressure Measurement

System and The Development of

the Health Care Database
System at Old Dominion
University

Geographic Information System

Data Analysis

Payload Planning for the
International Space Station

Free-Flight Evaluation of
Forebody Blowing for Yaw
Control at High Angles of
Attack

Conversion of the Aerodynamic

Preliminary Analysis System
(APAS) to an IBM PC-
Compatible Format

Modeling of the Expected Lidar
Return Signal for Wake Vortex

Experiments

Langley Sign Language Home
Page

A Variational Formulation for
the Finite Element Analysis of
Sound Wave Propagation in a

Spherical Shell

Synthesis and Characterization

of Poly (Arylene Ether
Benzimidazole) Oligomers

xxiii

Group/Mentor

Research and Technology
Group

Sixto Vazquez

Internal Operations Group
William B. Ball

Space and Atmospheric
Sciences Program Group
David T. Shannon, Jr.

Research and Technology
Group
Kay Brandon

Space and Atmospheric
Sciences Program Group
Walter C. Engelund

Space and Atmospheric
Sciences Program Group
Lamont R. Poole

Internal Operations Group
Jerry Hoerger

Research and Technology
Groun
Jay Robinson

Research and Technology
Group
Joseph G. Smith, Jr.



Anthony Linton
Florida A&M University

Calvin T. 1 ncklear
Pembrok. State University

John M. Locklear
Pembroke State University

Michelle R. Lujan
University of Texas at El Paso

Brian D. Marchesseault
Embry-Riddle Aeronautical
University

Brian C. Mays

Hampton University

Timothy M. McBride
Boston University

Sean M. McBurney
Rochester Institute of
Technology

Kristi D. McRacken
Christopher Newport University

Laurie A. Meade
Tufts University

Title

Importance of the Office of
Inspector General to the
Efficient Operation of Langley
Research Center

Effects of Nose Strakes On
Transport Aircraft

Geographic Information System
Data Analysis

Home Page: The Mode of

Transport Through The
Information Superhighway

Design Considerations For The
Next Generation of General
Aviation Designs

Creating a Database

Materials For The General
Aviation Industry: Effect of
Environment on Mechanical
Properties of Glass
Fabric/Rubber Toughened Vinyl
Ester Laminates

Using The World-Wide Web to

Facilitate Communications of
Non-Destructive Evaluation

Technology Applications Group
Multimedia CD-ROM Project

Development of a Small Area
Sniffer

xxiv

Group/Mentor
Office of Inspector General
Lee Ball

Research and Technology
Group
Gautam Shah

Internal Operations Group
William B. Ball

Research and Technology
Group
Odilyn L. Sazica Maria

Rese?
Group
H. Pam ,;wdgh

.1 Technology

Office of Hum. - Resources
Janet McKenzie

Research and Technology
Group
H. Benson Dexter

Internal Operations Group
Lawrence Cooper

Technology Applications Group
Stuart Pendleton

Research and Technology
Group
Jerome Kegelman



Eric O. Mejdrich
St. Cloud State University

Golnar G. Miamee
Old Dominion University

Tiffany N. Mitchell
University of Virginia

Michael J. Monroe
Virginia Polytechnic Institute
and State University

Scott C. Moore
North Caroli~a State University

Timothy " Morgan
Norfolk State University

Matthew D. Oser
University of Illinois

Meredith L. Payne
Rochester Institute of
Technology

Nina P. Paynter
Swarthmore College

LeRuth Q. Pendergrass
Hampton University

Stephen A. Penn
Hampton University

Title

Terminal Area
Productivity/Airport Surface
Traffic Automation Flight Demo
Data Analysis

Multimedia Information Kin-k

Introducing Current
Technologies

Product Assurance For
Spaceflight Hardware

Finite Element Analvsis of an
Energy Absorbing Sub-floor
Structure

Reusable Software Technology

Eliminating Flow Separation
and Reducing Viscous Drag
Through Boundary Layer
Analysis and Manipulation

Electronic Photography

Technology Transfer: A
Contact Sport

Fabrication of Fabry-Perot
Interferometer Sensors and
Characterization of their
Performances for Aircraft
Inspection

Geographic Information System
Data Analysis

Group/iMentor

Research and Technology
Group

Steve Young

Internal Operations Group
Lillian Ross

Technolo: , Applications Group
Barry Git”" 205

Office of Safety , Environment
and Mission Assurance
John Grece

Research and Technology
Group
Benson Dexter

Space and Atmospheric
Sciences Program Group
Calvin Macksy

Research and Technology
Group
Richard L. Campbell

Internal Operations Group
fhomas E. Pinelli

Technology Applications Group
Marisol Romero

Research and Technology
Croup
Robert S. Rogowski

Intern..! Operations Group
William B. Ball



Name/University
Jennifer K. Phillips
University of lllinois

Kathleen A. Pierucci
Ilinois Institute of Technology

India Pinl
University of Virginia

Tori D. Rhoulac
Howard University

Nature A. K.chard
Hampton University

Myma S. Rivera
Christopher Newport University

Ivan Roman
University of Puerto Rico

James H. Rowbottom
Norfolk State University

Antoinette M. Scott
Norfolk State University

Adam H. Shay
University of Virginia

Kantis A. Simmons
Norfolk State University

Title

Performance Comparison of a
Matrix Solver on a
Heterogeneous Network Using
Two Implementations of MPL:
MPICH and LAM

A Study of How Stitch
Placement Affects the Open
Hole Tension Streagth of
Stitched Textile Composite
Materials

A Summer in Public Affairs

Geographic Information System
Data Analysis

1995 Summer Intern NASA
Langley Research Center Office
of Education

TAC CD-ROM

Correlations of Difference
Surfaces Tests, Tire Behavior
Math Model for the High Speed
Civil Transport (HSCT) and
Michelin Tire Properties Tests
for Boeing 777

The Use of the Internet to
Support General Aviation
Research

Aviation Research and the
Internet

Geographic Information System
Data Analysis

Develooment of a Pressure
Sensiti 2 Faint System With
Correct .. For Temperature
Variatic :

xxvi

A

Group/Mentor
Research and Technology

Jerrold M. Housner

Research and Technology

Group
Keith Furrow

Office of External Affairs
Keith Henry

Internal Operations Group
William B. Ball

Office of Education
Roger A. Hathaway

Technology Applications Group

Stuart Pendelton
Research and Technology
Group

Robert H. Daugherty

Internal Operations Group
Gretchen L. Gottlich

Internal Operations Group
Gretchen L. Gottlich

Internal Operations Group
William B. Ball

Internal Operations Group
Billy T. Upchurch



Name/University
Nanette R. Smith
College of William and Mary

Kenneth R. Smith
Hampton University

Seth S. Sobel
James Madison University

Mary M. Spracher

Virginia Polytechnic Institute
and State University

David Stang

Old Dominion University
Ronald E. Stephenson
Virginia Polytechnic Institute
and State University

Christopher S. Steward
Norfolk State University

Melissa C. Stewart

Rensselaer Polytechnic Iustitute

Edwood G. Stowe
Washington University

Corey V. Swenson
St. Cloud State University

Antone L. Taylor
Hampton University

Erene Tcheng
University of Virginia

Xitle
Technology Transfer

Langley Learning Laboratory

Characteristics of Three-node
Smoothing Element Under
Penalty Constraints

Office of Public Affairs

Langley Research Center -
Soluble Imide (LaRC-SI)

Congressional Affairs

The Calibrations of Space
Shuttle Main Engines High
Pressure Transducers

The
In The Coefficient Of Thermal

Expansion Of Graphite Fiber

Reinforced Polyimide IM7-K3B

on Microcracking Due To
Thermal Cycling

Analog Processing Assembly
For The Wake Vortex Lidar
Experiment

Parallel Processing with Digital

Signal Processing Hardware and

Software

Geographic Information System

Data Analysis
Technology Transfer -

Marketing Tomorrow's
Technology

xxvii

Of The Change

Group/Mentor
Technology Applications Group
Robert L. Yang

Office of Education
Marchelle Canright

Research and Technology
Group
Alexander Tessler

Office of External Affairs
Keith Henry

Internal Operations Group
Carl Voglewede

Office of External Affairs
Lee Rich

Internal Operations Group
Allan J. Zuckerwar

Research and Technology
Group
Craig W. Ohlhorst

Internal Operations Greup
Phil Brockman

Research and Technology
Group
Robert L. Jones

Internal Operations Group
William B. Ball

Technology Applications Group
Barry V. Gibbens



Tamera L. Thomas

Hampton University

Karina M. Thorpe
University of Utah

Wilmer B. M. Ulimann
University of Kansas

Bryan C. Valek

Georgia Institute of Technology

Luis H. Valencia
University of Puerto Rico

Victor M. Valentin
University of Puerto Rico

Jessica Venable
Princeton University
Eugene L. Ward

Norfolk State University

Douglas P. West

kastern New Mexico University

Mark E. Whitlock
University of lllinois

Jeffrey M. Wilson
University of Kansas

Litle
Open Loop Simulation

Geographic Information System

Data Analysis

Entrepeneurship Within General

Aviation

Determination of Stress-
Corrosion Cracking in
Aluminum-Lithium Alloy
ML377

A MATLAB/Simulink Based
GUI For The CERES Simulator

Oxidation Behavior of Carbon

Fiber Reinforced Silicon
Carbide Compositrs
Validation of Global

Climatologies of Trace Gases

Using NASA Giobal

Tropospheric Experiment (GTE)
Data

Homepage For The Global
Tropospheric Experiment

System Construction For The
Measurement of Bragg Grating
Characteristics In Optical Fibers

Analysis Of a High-Lift Multi-
Element Airfoil Using a Navier-

Stokes Code

Wake Vortex Encounter
Research

xxviii

Group/Mentor
Internal Operations Group
John White

Internal Operations Group
William B. Ball

Research and Technology
Group .

Daniel J. DiCarlo
Rescarch and Technolozy
Group

Marcia S. Domack

Space and Atmospheric
Sciences Program Group
Calvin Mackey and

John Chapman

Research and Technology
Group
Wallace Vaughn

Space and Atmospheric
Sciences Program Group
Joel S. Levine

Space and Atmospheric
Sciences Program Group
Jim Hoeli

Research and Technology
Group
Robert S. Rogowski

Research and Technology
Group
Kenneth M. Jones

Research and Technology
Group
Robert A. Stuever



Name/University Title Group/Mentor
Terri L. Wilson Langley Aerospace Research Office of Education
Virginia Polytechnic Institute Summer Scholars (LARSS) Roger A. Hathaway

and State University Program Coordination
Robert G. Wright Converting The Active Digital = Rescarch ~nd Technology
University of Missouri Controller For Use in Two Tests Group
Sheri Hoadley
Sara J. Yancey My Networking and Office of Education

College of William and Mary  Interpersonal Skills Developed  Marchelle D. Canright
At NASA Langley Research

Center
Michael K. Zyskowski Very Light Aircraft: Research and Technology
University of Kansas Revitalization Through Group

Certification Natale Strain
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Abstract

A low-speed wind tunnel investigation was conducted in the Langley 12-Foot
Tunnel on a typical commercial transport configuration to determine the effect of adding
nose strakes on the acrodynamic characteristics of the model. The fuselage and wings of
the mode] were scaled versions of the McDonnell-Douglas DC-9 aircraft. A generic tail
assembly was employed that was different from that of the DC-9. Three differ 1. trake
configurations were tested at several inclination angles. One strake configuration was
identical to that employed on the DC-9 aircraft. The model was tested through - -ange of
angles of attack and sideslip angles. Tests were made both with and without strakes and
also with the vertical tail removed.



Introduction

During this summer LARSS program, I worked with Mr. Gautam Shah on a research
project involving strakes in use on transport aircraft. Strakes are small fins placed on the nose of
an aircraft to aid in yaw stability and control(ability of an airplane to turn about its vertical axis). A
low-speed tunnel investigation was undertaken to see if strakes placed on a transport model would
provide any appreciable stability or control improvements. Information was also wanted on
possible interaction between the strakes and the vertical tail.

Vertical tails and rudders of transport aircraft pose many problems for designers. Due to
their large size, they add extra weight to an aircraft. In addition the vertical tail produces drag for
the entire flight, therefore adding to the cost to operate the aircraft. Since transports fly at cruise
most of the time, the rudder is inactive for a good portion of the flight time. Consequently there is
a real desire to find a way to reduce vertical tail size without sacrificing either stability or yaw
control. The use of nose strakes may provide a positive contribution in this area.

Nose strakes are currently employed on a number of McDonnell-Douglas commercial
transports including their DC-9 aircraft Since a scale model of a DC-9 fuselage and wing
configuration was available for testing, this model was chosen for the research project. The DC-9
model tail assembly and engines were unavailable, however, a generic tail assembly was available
and was substituted for these initial tests. Detailed drawings of the DC-9 aircraft and the strake
configuration presently in use on the aircraft were supplied by McDonnell-Douglas so that a scale
strake model could be constructed and mounted similarly on the wind tunnel model. The model
with this strake served as the baseline for the present tests. Various strake sizes and inclination
angles were employed during this investigation.

Background

Research on the use of nose strakes on fighter aircraft configurations has been conducted
for over ten years. Currently, there are some fighter configurations which react well with strakes
and research has shown that there is a benefit from their use. Strakes have been effective at high
angles of attack (above 30 degrees) in providing yaw control power. Their use has been
particularly appealing because conventional vertical tails and rudders lose their effectiveness from
becoming immersed in the low energy wing wake at these high angles of attack. It is important to
realize that strakes, while they have a tremendous effect at high angles of attack, produce almost no
yaw control at low angles of attack. This is significant because fighter aircraft operate at wide
ranges of angles of attack (up to 70 degrees), while transport aircraft operate over a much lower
range(0 degrees to 30 degrees). If strakes as employed on fighter aircraft were as effective at low
angles of attack as they are at high angles, then this technology could be utilized on transports as
well as fighters with obvious gains to operators. The fact that strakes are used on transport aircraft
indicates that the size, shape, placement, and effectiveness of these strakes influence the aircraft in
a manner different than the strakes used on fighter aircraft. The use of such strakes is obviously
beneficial since McDonnell-Douglas uses nose strakes in so many of their commercial transport
designs.

Test Facilit

The tests were conducted in the 12-foot Low-Speed Wind Tunnel. The 12-Foot Low-
Speed Wind Tunnel is an atmospheric pressure tunnel completely enclosed in a 60-foot diameter
sphere. The test section has a 12-foot diameter octagonal-shaped cross section and a length of 15
feet. The drive system consists of a single 15.8-foot diameter 6-blade drive fan with an adjustable
fan speed up to a maximum of 750 RPM. Dynamic p~~ssure up to a maximum of 7 psf is available
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as the test conditions. A sting system can position a model at any pitch angle from -10 degrees to
90 degrees, and sideslip angles from -90 degrees to 90 degrees. Smoke generation equipment is
available for use in the facility to permit visual obversations of the flow field.

The Test

Only a limited number of tests were made during this wind tunnel entry, and data were
obtained only for the model configured for the cruise configuration with leading and trailing edge
flaps undeflected and the rudder and horizontal tails set to zero. Two different strake
configurations in addition to the baseline were tested. One strake had the same span width as the
baseline strake, but it had a 80% increase in the chord length. The other strake had the same chord
length as the baseline strake, but a 50% increase in the span. All strakes were constructed from
sheet metal in the technician’'s shop and mounted on the model such that the trailing edge of all
three strakes was at the same location on the fuselage. Rotation of a strake about its trailing edge
varied the strake inclination angle. Inclination angles of 0 degrees, +10 degrees, and +20 degrees
were tested.

The model was placed in the 12-foot tunnel and installed on the proper force balance and
sting as needed to ensure the model was properly placed for this test. Several stings and mounting
brackets were tried before settling on the 20-in. sting with a 30-degree offset mounting block and a
force balance rated for 120-1bs. Once the model was mounted and the equipment was checked out
the tunnel was started and testing began.

The model was tested at a single dynamic pressure of § psf in two manners; alpha runs and
beta runs. Alpha runs consist of placing the model at a certain beta angle, which is the angle
between the direction of the airflow and the centerline of the aircraft on a horizontal plane, and
sweeping through a series of pitch angles. Beta runs consist of placing the model at a certain pitch
angle and sweeping through a series of sideslip angles.

The schedule of tests is as follows: first, the model was tested, as is, with no strakes.
Then the baseline strake was added, then the larger span strake, and then the larger chord strake.
After these tests were c.npleted, the vertical tail was removed from the model, in order to test the
model's characteristics without a vertical tail. We then proceeded to repeat the same sequence of
strakes (strakes off, baseline, larger span, and larger chord). Once these tests were completed, the
vertical tail was replaced and the baseline strake was pitched to +10 degrees from its original
position. We also did this with the larger span strake. Once again the baseline strake was replaced
and canted to +20 degrees After obtaining this data, the left baseline strake was removed leaving
just the right baseline strake, which was tested at +20 degrees, +10 degrees, and O degrees The:
next test performed was to remove all the strakes and to deflect the rudder to -25 degrees. The last
test performed was a smoke test, where smoke was blown past the model to determine the flow
field around the model.

Resuits/Conclusions

Since my summei session at NASA Langley is ending and this particular test is not
completed, results from the data collected thus far are inconclusive. The test did determine that the
strakes do have an effect, but how much and how significant is still to be determined. We have
ascertained that the strakes do interact with the vertical tail in actually yawing the aircraft, because
with the vertical tail removed almost no yawing capability was observed. Obviously, more tests
will oA to be performed before more specific conclusions can be drawn that may result in an
actual change in aircraft configurations of the future.
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Abstract

The purpose of the project with the Aeroacoustics Branch was to create and submit a
home page for the internet about branch information. In order to do this, one must also become
familiar with the way that the internet operates. Learning Hypertext Markup Language (HTML),
and the ability to create a document using this language was the final objective in order to place a
home page on the intemet (World Wide Web). A manual of instructions regarding maintenance
of the home page, and how to keep it up to date was also necessary in order to provide branch
members with the opportunity to make any pertinent changes.



Introduction

As the world becomes more automated with every passing moment, it is the
responsibility of NASA to keep pace with the ever-changing society as it adapts to a world of
technology. The information super highway, a'zo known as the internet or World Wide Web, is
only one of the new options availatle. The intemet provides the user with access to international
information, as it provides information from other citiss, states, countries, and even conti : 3nts.
The internet consists of a system of li....s that connect one location to another. The user is
enabled to follow these links by "clicking” the mouse on underlined or highlighted text thauis
displayed on the screen. Information is displayed on the mcaitor by home pages at these. varicus
locations. A home page is a document that displays information, and is the foundation of the
internet. They are created by individuals who have a desire or necessity to make information
accessible to the internet woridwide.

Hypertext Markup Language, known simply as HTML, is a code used to create
documents tc be displayed on the internet. HTML introduces a series of predefined commands
that provide the user with the flexibility to design the appearance of the information displayed
when accessed. This code has the capability to display different fonts and graphical images on
the monitor. The primary advantage of HTML is its ability to link documents together, which is
the major reason this code is vsed.

HTML is not a difficult programming language that only computer experts can master. It
is instead, a straightforward way of communicating to the computer the desires of the user and
how to display the information. All that is needed to write a document in HYML are a few basic
commands. Using these commands, the user can create a very simple, yet professional-locking
home page. For those who would prefer more distinctive and intricate home pages, HTML
provides commands to include graphics within the document and the option to change the
background of the page. HTML provides all computer users with a special interest they would
like to share with others over the internet with an avenue to do so.

Summary of Project

Creating a home page with information that others will find informative and interesting
may seem a simple process to many, yet in reality, it involves much research and time to
determine exactly what type of document would be most beneficial to internct users. Following
through this process results in a home page that best reflects what both the -reator and intemet
user desire.

Comprehending how the internet works aids the home page creator, as they leam more
about the types of information and may view various ways of displaying it on the internet. By
doing this research first, the creator benefits from the home pages from everywhei in all shapes.
colors, and designs as the creative options are endless. “Surfing the net” helps the creator get o
better idea of what information is necessary and how to display it on the home page. Viewing a
wide variety of graphics and various texts provides the creator with more of a basis of what
appears best on the computer screen, anc creates the greatest visual impact. Even the most
experienced home page creator can benefit by getting reacquainted with the internet on occasion.

Learming HTML becomes an easier task to understand after getting acquainted with the
internet. The internet offers many HTML manuals on-line to refer to, instead of a hard copy
handbook. Another alternative is to use the "view source” option available on most internet
servers. The HTML commands that creaie any particular home page can be retrieved by
choosing this option. This option provides even the most inexperienced creator with the
opportunity to create more complicated home pages. By finding a page that locks similar to
what the creator wants, producing a home page is just a matter of viewing the source code and
reproducing the same commands. Once the HTML commands are learned, the home page can be
created.

Upon complcticn of the home page, 1t becomes necessary to provide instructions
pertaining to revisions that will need to be made to the home page in order to keep the
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information cun« **. A manual seems to be the easiest way to instruct the branch members on
how to make necessary revisions to the home page. By doing this, branch members can make all
the necessary revisions themselves by consulting the manual. The manual must be specific to the
branch home page to ensure that the same format is maintained. Any new developments or
changes that may take place in the branch can be easily reflected o.: the home page.

‘To create a professional home page, it is necessary to use certain equipment. A
Macirtosh IIfx and Microsoft Word 5.0 aids in creating an HTML file. The home page, while
under construction, could be viewed by using Netscape 1.1. Another feature, photographs in a
home page, add a personal touch to any page. To do this, a Kodak DCS 420 digital camera can
aid in producing a digital image that can easily be included in the home page. Retrieving the
image from the camera is made possible through the use of the Adobe Photoshop software
package. Another altemative for photographs is to use a laser scanner to scan a photo that has
already been taken. The Apple LaserScanner can create a facsimile of any photograph and
prepare it for use on a home page. Adobe Photoshop can also be used on these images to make
them better quality images.

With the aid of the available iechnology and ejuipment, 2 home page can be created with gr .ter
case.

Once the process has been completed and the equipment has been used, the final result is
a home page. Now that the home page has been created, all that remains is to submit it to the
internet. Once the home page joins the internet, it wili be viewed by thousands of people on a
day to day basis. Everyone will have access to general information concerning the finction of
the branch. By joining the internet, the Aeroacoustics branch keeps pace with the fast moving
society of today.
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Abstract

This paper discusses the results of research conducted at NASA Langley Research Center
during two summer programs during 1994 and 1995. These programs were the NASA Advanced
Design Program and the Langley Research Summer Scholars program. The work was
incorporated in a three phase project at Embry-Riddle Aeronautical University which focused on
development of the next generation Primary Flight Trainer, 2s well as in ERAU'’s participation in
the AGATE General Aviation Design Competition. The project was conducted as part of the
ERAUNASA/USRA Advanced Design Program in Aeronautics as well as the AGATE
competition. A design study was completed which encompassed the incorporation of existing
conventional technologies and advanced technologies into PFT designs and advanced GA aircraft
designs. Multiple aircraft configurations were also examined throughout the ADP/AGATE.
Evaluations of the various technologics and configurations studied will be made and
recommendations will be included.

1. Introduction and Background

Embry-Riddle Acronautical University has been involved with the NASA/USRA Advanced
Design Program since 1992, when the university was invited to participate in the Acronautics
division of the program. At that time, the ERAU acrospace engineering department’s design
faculty recognized an important role that the Embry-Riddle could play in the program. Although
General Aviation had been addressed at times in the first cight years of the program, the subject
had been underemphasized. In particular, the topic of Primary Flight Trainer aircraft had been
completely neglected. Due to Embry-Riddle’s position as one of the leading aviation training
schools in the world, the development of a contemporary PFT was of obvious importance to the
school. This fact, coupled with the overall plight of the GA industry, prompted the decision to
focus the ERAU/NASA/USRA ADP on the development of the next generation PFT.

As part of the ADP structure, each participating university is tcamed with a NASA ceater that
shares a focus common to the school’s ADP topic. In Embry-Riddle’s case, NASA Langiey
Research Center was chosen. Through this cooperative arrangement, a Graduate Teaching
Assistant was sent to LaRC cach summer to complete research on topics relevant to the
university’s ADP. The research gathered by each GTA was then incorporated into the next phase
of the ADP design study. Support work from outside of the ADP, including LARSS
participation, the AGATE General Aviation Design Competition, and other such programs, was
integrated into the overall study. The AGATE program is being conducted by the General
Aviation/Commuter Element of the NASA Advanced Subsonic Technology Program in an effort
to create a new generation of GA aircraft. Through graduate student participation in the ADP
and LARSS, ERAU was able to make it’s first ties to the AGATE program. This affiliation has
expanded into ERAU becoming a member of the AGATE government/industry/academia
consortium on a higher level, and has also included student participation through the AGATE
General Aviation design competitions. In this manner, the ADP study does not end with the
completion of the ADP, but is to continue into future AGATE, LARSS, and other ERAU

program participation.



Phase 1 of the ADP focused on incorporating existing “off the shelf” technologies and on
integrating a true concurrent engineering environment into the ERAU design classroom. Phase I
further developed some of the Phase I baseline configurations with more advanced technologies
and created a high emphasis on occupant safety and crashworthiness. The goal of Phase Il was
to incorporate further advanced technologies (such as those still under development) and to
summarize the efforts of the entire ERAU/NASA/USRA ADP. Through the overall efforts of the
ADP, a design database of sechnologics (old and new) and configurations specific to GA was
created. Throughout cach phase of the projects, the utilization of cutting edge technologies as
design tools was also a major goal. The manner in which the design classes were conducted and
in which the group projects were assigned gencrated the most successful attempts at CE ever
made at ERAU. The usc of CAD and FEM at the Daytona Beach campus were highly stressed as
design tools in the classroom, as well. Another of the major innovations in undergraduate design
course work, due in part to the ADP, was the introduction of rapid prototyping at ERAU.
Through a National Science Foundation grant, the university obtained a stereolithography (SL)
capability at the same time the ADP was commenced. In Phase III, SL has been incorporated
directly into the detailed design curriculum at Embry-Riddle as part of the ADP, AGATE

2. The Need in GA

The GA industry has undergone a severe depression, nearly to the point of extinction. The
boom in production of Single Engine Piston aircraft in the 1970’s was followed by a major
decrease in shipments in the years to follow. The fact that such a sharp dive in production has
occurred in the GA industry has been of major concern to the aviation industry, in general. It is
GA aircraft that supplies the training necessarv in the production of pilots that go on to fly larger
aircraft. A number of studies have been conducted to analyze the decline in GA and to try to
create a means of revitalization of the industry. The results of the past studies have indicated that
the average age of the SEP airplane is 28 years', which is a rather long lifetime. The obvious
reason for such a high average age is the fact that newer aircraft simply have not been produced
to replace the older fleets. However, a demand still exists for the aircraft. The major reason that
new aircraft have not been produced in large numbers is primarily the influence of product
liability.

Reference 2 states the product hability situation in 1987: “Product liability costs for
manufacturers (of GA aircraft) have skyrocketed in the past three years (1985-1987). Huge
awards or settiements have driven up costs.” The reference states that in 1985 manufacturers and
their insurers paid over $200 million in judgments, settlements, and defense costs, up from $47
and $77 million in 1981 and 1983, respectively. “The manufacturers report in 1985 insurance
cost averaged $70,000 for each airplane delivered... This amount, if added to the price of small
aircraft, would make the price astronomical.” It is easy to see why the GA industry entered such
a plummet.

The recent passage of the products liability reform bill, known as the “1994 General Aviation
Revitalization Act (S.1458)," has created some aid to the problem. However, the bill is far from
solving all liability problems, and still allows for many potential suits that could continue to
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devastate the GA industry. The employees of companies such as Piper Aircraft Company still see
a nightmare of liability problems to be solved before a true revitalization of the industry can take

place.

One way to alleviate the liability problem is to look 10 the automotive industry. The last Cessna
lszpmdwednl986wasmmnymcmemuaﬁnthemgmdmde1150dwmedndn
1950's'. Yet, the automotive industry continues to make vast improvements in design and
particularly in crashworthiness. With added design features such as airbags and 5 mile-an-hour
bumpers, automotive insurance prices progressively decrease. A similar trend could be applied to
the future of GA design.

During 1980-85, the National Transportation Safety Board conducted a study of GA aircraft
occupant restraint and seat systems under the title of the “General Aviation Crash Worthiness
Program.”! The results of this study indicated the need for energy absorbing seats and the use of
shoulder harnesses. As a result of the study, major changes were made to the airworthiness

regulations for GA.
3. ERAU’s Response to the Need

Due to the effect of product Liability and its relation to occupant safety upon the GA industry,
crashworthiness was a major focus throughout Phases II and III of the ADP, as well as in
AGATE design efforts. In order to accomplish this, aspects of FAR Part 23 regarding occupant
safety, crashworthiness and the Head Injury Criterion were incorporated into the ADP/AGATE
designs. The HIC is an equation, integrated over the time duration of impact, which places a
specific upper limit on the integral acceleration of the head’s OG'. The HIC and the other
crashworthiness requirements of FAR 23 were then incorporated into the ERAU designs through
the generation of Spatial Requirements Specification Documents.

The SRSDs were documents generated for individual aircraft configurations (for example, a
two-seat high wing tractor versus another document for a three-seat low wing pusher). The
SRSDs provided cabin volumes for each given configuration which adequately met the HIC and
Part 23 requirements. Simultaneously, each provided room for adequate structural volume
around the cabin, which was designed to accommodate up to the 95th percentile man. A brief
explanation of the spatial requirements accompanying the cabin volume was also included in the
SRSDs. These documents were then to be given to preliminary design students for incorporation
into future designs. This was to allow for realistic cabin and surrounding structural volumes in
the generation of future preliminary designs.

4. Results of the ERAU ADP an AGATE Programs

Throughout the process of generating crashworthy designs, a large database of information
regarding 2 myriad of GA design parameters such as engines, airfoils, and many other topics was
created at ERAU. This information was gathered throughout the ADP by the GTA's during their
internships at LaRC (through the ADP and LARSS), as well as by the faculty and students at



Embry-Riddle. The following sections discuss some of the observations made and conclusions
drawn from the ADP which were also integrated into ERAU AGATE participation.

In Phase J of the ADP, conventional airfoils were employed in the designs. However, in Phase
1I it was decided to explore the possibility of incorporating Natural Laminar Flow (NLF) airfoils.
The Phase I designs were refitted with NLF airfoils and the new designs generated in Phase II also
included them. The study revealed that the ILF airfoils were effective in providing improved
performance over traditional airfoils. However, the manufacturing of the NLF airfoils required
high tolerances, perhaps even beyond the practicality of aluminum construcdon. Therefore,
composite construction was considered for the NLF designs. Another potential problem with the
NLF designs was the effect of debris, such as insects, collecting on the wings. However, NLF
performance in this state was, at worst, equivalent to traditional NACA series airfoil performance.
The final problem recognized with NLF airfoils was the low speed power requirements, which
were potentially dangerous to student pilots. Afier comsidering all the advantages and
disadvantages of the NLF airfoils, it was concluded that 8 NACA 6-series airfoil may be the best
option for a Jow cost PFT with safe, desirable training characteristics. Conversely, for advanced
GA designs, such as the ERAU AGATE design submittal, NLF airfoils were considered an
effective choice.

Wing positions examined in the ADP and AGATE activities varied from low to mid to high
wing. The driving force behind this parameter was primarily the general configuration of the
aircraft. In other words, the engine and cabin area positions were of major concern to wing
position. The structural weight and complexity of each wing configuration was another factor.
The mid wing configuration appeared to be the least desirable due to complexities of wing
structure at the cabin interface, while maintaining a desired cabin size.

Several powerplants were explored in the design studies. These included currently certified
engines such as the Lycoming O-235 and non-certified engines such as the Zoche Diesel. The
non-certified engines considered were engines with potential for near-term certification. Air
cooled engines were the most common type of engine used, however, liquid cuoled engines such
as the Rotax 914 were also examined. For the pusher aircraft, it was determined that a liquid
cooled engine may be most advantageous. This eliminated the problem of providing venting to
the engine compartment, and thus reduced the associated drag as well. The tractor configuration
aircraft would also benefit from the reduced cooling drag of a liquid cooled engine, however not
as dramaticall, as the pusher.

In the course of the design activities, several configurations were considered for engine
position. The first designs pursued were originally tractor and mid-engine configurations. Later
in the study, a pusher configuration was added. The mid-engine concept was eventually phased
out and modified to a tractor arrangement. This was due chiefly to the problem of the drive shaft
required for such an aircraft. The drive shaft ofered intriguing possibilities in acting as an aid in
shock absorption upon impact. Examination was conducted of using the drive shaft to crumple in
stages, thereby absorbing impact shock during a crash. Howsver, the shaft added unnecessary

435



436

weight, cost, and maintenance complexity to the aircraft design and was therefore removed from
the design.

The incorporation of a ducted fan into the designs was made towards the end of the ADP and
continues into AGATE. In the early stages of the studies, it was decided to first examine designs
with more conventional powerplant configurations, even in the pusher configuration. However,
upon further assessment of desired performance, safety, and noise characteristics, the ducted fan
was considered for the pusher design. The inclusion of a ducted fan for the tractor designs would
have been impossible concerning the practicality of both mounting the fan shroud and providing
proper pilot visibility. For these very reasons, the pusher design seemed to provide a perfect
testbed for the fan concept.

Mounting of the fan shroud was considered in several different configurations including
incorporation into the tail boom design, as the booms granted obvious mounting points for the
shroud. However, this configuration was thought to possibly cause complications in the
operation of the ducted fan. Because a very small tolerance must be included between the blade
diameter and the inside of the fan shroud, it is necessary to minimize any possibility of the blades
striking the shroud. The mounting of the shroud to the tail booms, with a rigid connection (via a
drive shaft) to the engine, could potentially introduce vibrations from the booms. This would
thereby creating interference between the shroud and the blades. Therefore, another shroud
mounting configuration under scrutiny is t0 mount the shroud directly to the aft portion of the
fuselage. Yet another design being studied incorporates the ducted fan as a self contained unit
attached to the tail booms, but connected to the engine through a flexible coupling. This would
also reduce the vibration problem at the prop-shroud interface, but may add undesired weight to
the design (despite the possible increased maintenance accessibility). The only practicable
alternative to the pusher configuration would be a high mounted tractor or pusher configuration,
such as is typically designed in amphibious aircraft. However, this type of design would produce
undesirable thrust line effects versus the direct thrust line of a more “conventional” pusher engine
mounting.

The reasoning behind the inclusion of a ducted fan in the advanced designs was multifaceted.
The initial consideration was to improve the noise characteristics of the aircraft. Noise abatement
can be ad iressed by three basic issues: propeller blade number, blade contour, and inclusion of a
ducted fan. In the tractor configurations, the only options were to increase the blade number and
modify the blade contour until desired noise characteristics were achieved. However, with the
pusher, the ducted fan could be used, as well. By including a higher number of blades, the prop
cost will increase significantly. Yet, by using a fan concept, the blade number can be kept to a
minimum while still artaining favorable noise characteristics.

Admittedly, the fan will also increase the price of the aircraft. However, the price increase is
accompanied by more than just improvements in noise abatement. Ducted fans are known to
increase thrust due to their effect of increasing prop efficiency. This factor could potentially
offset the extra cost of including the ducted fan. Also, in a2 mass production market, particularly
the one projected for AGATE, this and other advanced technologies will be highly reduced in
acquisition price (due to supply and demand).



Apart from the increased cost of a ducted fan, Foreign Object Damage may prove a potential
problem for such a design. This problem is being considered by examining the spray pattern of
debris off the landing gear tires. Corrective action could then be taken, if necessary, but may not
be required due to the smaller disk area of the fan versus a regular prop. Additionally, one of the
concepts for the self contained ducted fan includes a stabilizing strut from the fan to the fuselage.
This strut may aid in protecting the fan from FOD.

4.3 Landing Gear

In approaching the landing gear design, the original decision in each ADP design was to use
fixed gear. This was chosen due to the reduced cost (for design, manufacturing and maintenance)
and complexity. The drag penalty and resulting performance reduction were not considered a
problem with the original design goal of approximately 120 knots (for the ADP). In order to
achieve higher cruise speeds (if so desired for upgrades of the design outside the PFT market, or
more specifically, as required to achieve AGATE requirements), partially or fully retractable gear
become necessary. In the original case (lower speed requirement), the early pusher designs
considered oleo struts for both the nose gear and the main gear. Later study considered changing
to a damped spring nose gear. This would greatly reduce the cost and complexity associated
with oleo type gear. Spring gear could also replace the oleo gear for the pusher main gear, as was
originally conceived for the tractor designs. Similar, but somewhat more advanced, concepts
were also employed in the AGATE retractable designs which, again, were tailored towards
crashworthiness.

In order to create higher performance in each of the concepts, it was decided to examine the
effect of incorporating staggered seating. This was done in both the tractor and pusher designs.
Initially, it appeared intuitively obvious that by incorporating staggered seating, the resulting
reduction in fuselage cross-section would produce improvement in aircraft performance. In order
to check this, a related study was conducted’ to examine the actual effects of cabin width upon
performance.  From the study, it was determined that the reduced fuselage cross-section
associated with staggered seating actually had very little effect upon aircraft performance. For
fuselages with larger length-to-diameter ratios, the change in diameter did not change
performance appreciably.

One benefit of staggered seating in the cockpit was more shoulder room for the student and
instructor, while still allowing the instructor to view the student at the controls and vice versa.
Another benefit of the staggered scating arrangement in the pusher was that it allowed for the
reduction of parallax in viewing instruments from the instructor’s seat. This arrangement could
potentially require a scparate set of instruments for the instructor. With an advanced cockpit
system of the projected AGATE variety (i.c., a glass cockpit system which incorporates all
instruments with an on-board central computer system, displayed on screens in front of the pilot),
this would pose little problem. The same central computer and instrumentation would be used to
drive both the student and instructor displays. This would also dispose of parallax problems
associated with today’s instruments as well as the problems of side viewing associated with CRT
displays. Using the AGATE type display in conjunction with a fly-by-wire control system would
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also eliminate problems with control system routing typically associated with staggered seating.
However, an AGATE type system is not currently available and may not be for quite some time.
The cost and complexities associated with staggered scating may not be worth the benefits in
creating a low cost PFT in the immediate future. Therefore, these technologies are reserved for
potential applications in the AGATE market to come.

The other major consideration in seating arrangement for the designs was the numb:~ of seats
to be included. For the AGATE program, the design specifications called out a range of two,
four, or six seat aircraft. A four seater was the choice for the 1995 AGATE design as middle
ground, and due to the larger potential market (initially at least). However, in future AGATE
design efforts at ERAU, it is anticipated that the designs will be expanded to an AGATE family of
all seat configurations.

Since the primary mission of a PFT requires only a student pilot and an instructor on board, the
obvious choice would be a tv.0-seat configuration. However, ERAU utilizes a training program
dubbed “Gemini” in which a second student pilot is to fly on training flights as an observer. This
increases the seating requirement to a minimum of three seats. There are very few existing three-
seat aircraft. The trend is to step from two seats to four seats. Yet, in order to keep the power
and cost requirements to a minimum, it was decided to incorporate no more than three seats into
the ADP designs. In the end, a two-seat configuration was seen to be the best for the general
PFT market, excluding the “Gemini” program.

4.5 Crashworthiness agnd Occupant Safety

As stated previously, a primary focus of the ADP and AGATE was to address the issues of
crashworthiness and occupant safety. The history of GA has shown little regard for these topics,
which has made major contributions to the current nightmarish litigation situation. The goal of
these projects was to create a revolution in the thinking associated with crashworthiness/occupant
safety and GA. To accomplish this, the first problem to be addressed was to determine exactly
how crash safety could be iricorporated into all stages of the design process. This began with
conceptual design, where st “nts were informed of design attributes which could greatly enhance
crash survivability (such as angling the bottom edge of firewalls/bulkheads directly in front of the
crew to prevent scooping on impact). The problem was then expanded to include detail design.
In this stage, crashworthiness was heavily ¢ idressed and fully developed. This was accomplished
by determining design constrainits that would ultimately conclude in a truly crashworthy design

process.

The crashworthy design constraints originated from several sources. Although historically
neglected in GA, crashworthiness and occupant safety have been widely researched and addressed
by numerous sources such as the NTSB, NASA, the FAA, industry and academia. From the
study of this broad database, gencral points for crashworthy design were selected. Precise design
constraints were also determined from the FAR Part 23. From FAR 23.561, the loading
conditions at impact were determined to be 9 or 18 g’s, depending on the predicted impact
scenario for a given component. From FAR 23.562, the conditions to be met were at both a 60
degree impact at 19 g's from the horizontal and at a 10 degree yawed frontal impact at 26 g’s for
occupant restraint systems and seats. These conditions were incorporated to address emergency



landing conditions within the cockpit. From these regulations, the requirements for proper
cockpit volume could be determined and the integration of a seat that could withstand a 26 g
impact was found necessary. These total loading conditions, from FAR 23.561 and .562 were
then to be used as the design guidelines, as they were found to be the worst possible loading
constraints for crashes (as determined in the development of the regulations).

The loading constraints were then to be applied to all detail designs. The particular loading
conditions applied tc a given component were selected from the constraints. This was based on
the position of tie component in the aircraft. For example, if the component was in the cockpit, it
would need to withstand the constraints for items of mass in the cockpit per FAR 23.561. The
integration of a seat that could withstand 26 g’s played an integral part in this. It reduced the
loading constraints in some cases due to the fact that the seat could absorb 26 g’s, thereby
requiring less severe loading constraints for a related structure. In addition to applying the
loading constraints to de.«il design, multiple features were evaluated for integration into a
complete aircraft design which provided the highest level of crashworthiness and occupant safety
possible. These included items such as the incorporation of crashworthy seats, restraint systems,
and many other items.

Each design for the ADP and AGATE was created with the intent of surviving the worst case
impact scenarios determined from FAR Part 23. However, it was worth considering a means of
returning the aircraft to the ground in an emergency situation with as litle stress as possible
placed upon the occupants. To do this, a ballistic parachute was considered for integration into
the designs. The pusher design provided a perfect opportunity to explore this option. More than
sufficient volume existed in the cabin area behind the occupants for mounting a ballistic parachute
system. This location was also directly in the CG range of the aircraft, thus providing for the
desired balance upon deployment of the parachute. The package offered by Ballistic Recovery
Systems® was used for comparison of volume and mounting requirements of a ballistic parachute
for the ERAU designs. The particular package used for comparison was the Cessna 150/152
model. Although the incorporation of such a package was found to be possible, it was also
determined to add considerable weight and cost to the overall aircraft design. Therefore, it was
decided to include the BRS as a design parameter for both the PFT and AGATE designs, but to
potentially off" v it only as an option at the time of sales.

Crashworthy seats are becoming a reality slowly, but surely. In the development of the ERAU
designs, a scat/restraint systemn developed by the Jungle Aviation and Radio Service was
implemented. The seat, commonly referred to as the “JAARS seat,” was the only seat available at
the time that withstood dynamic testing requirements of FAR Part 23. Although the scat was
never certified, it has been flown in a number of JAARS missionary aircraft. With the
development of crashworthy seats under FAR 23.562 in the future, it will be possible to redesign
the next generation GA aircraft around these alternate seats.

Another technology under investigation for occupant safety was the incorporation of airbags.
This is one of many areas in which the automotive industry is far ahead of tl:e GA industry. The
integration of air bag into cars has saved numerous lives, prevented many injuries, and has even
resulted in the reduction of insurance costs. Obviously, this is an area in which GA could use
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improvement. Therefore, in Phase III of the ADP as well as in AGATE design efforts, students
were challenged with incorporating airbags into their designs. The installation of such devices has
proven thus far to be a challenge in GA aircral.. Yet, strdies have been conducted by the FAA,
NTSB, and NASA in the incorporation of airbags into i:th GA and other types of aircraft. The
s' .dent investigations have so far resulted in preliminary suggestions for airbag integration. One
configuration considered involved mounting the airbag installation in the top of the instrument
panel, perhaps set behind the instruments (requiring slight repositioning of the instruments as a
possibility). This configuration is similar t0 some automotive installations and may reduce
obstruction of the instrument panel while preventing an oversized and complex yoke design.
Another possible configuration invo!ved airbags installed in the headrests, similar to a design
considered in military aircraft. The method emr'oyed in the AGATE design was to have the
airbag deploy from the passenger side of the instrurnent panel, instantaneously expanding to cover
the pilot’s side as well.

Some of the other advanced technologies considered in the strdies have included fire hazard
reduction schemes and smart structures. Items such as impact activated fuel cut-off switches and
fuel bladders have already been integrated into the later ADP designs. Additionally, a workable
in-situ fire extinguishing system was designed for installation into the AGATE design. This design
has led to the concept of a water spray system in the cockpit, with a chemical extingnishing agent
introduced in the contained engine compartment behind the cabin area. Yet, items such as smart
structures are still in the early stages of design. This is due primarily to the highly experimental
status of such technologies, as applicable to GA. Following future developments in these areas, it
may be possible to integrate them into future advanced GA designs in a cost-effective and
practical manner.

By enhancing the overall s ifety attributes of GA aircraft, benefits additional to product Liability
will be realized. If GA w:ie to appear an even safer mode of transportation to the general public
(beyond its already exemplary record as compared to automobiles), then wider interest in the
industry could potentially be realized. This would expand the market and thereby truly allow for
not only a revitalization of the GA industry, but indeed would create a renaissance witiun the
industry (as is projected for AGATE). Admittedly, the initial production cost of this new brced
of crashworthy PFT would be higher than that of existing designs, and would also most likely be
higher for AGATE. However, the possible reductions in product liability problems may easily
counter this cost increase. The increased fuselage size of a crashworthy aircraft is also of concern
at first glance. However, a study conducted at ERAU proved that the increased fuselage size
would only affect aircraft weight and performance very modestly (about a 2 pound increase per
inch of lfuselagc width, and a maximum of 5-10 knot decrease in cruise speed versus existing
aircraft) .

4.6 The Recommended Platform

Of all the designs generated by the ADP, the twin boomr pusher configuration wac found to be
the most successful. Although there were benefits to the other configurations studied, this one
provided the best overall platform for integration of the technologie- studied. The ADP pusher
design has attributes which lend directly to the concept of crashworthy design. Therefore, this
configuration was applied to the AGATE design efforts. In maly GA crashes, the aircraft is



subjected to belly-in landings where the underside of the aircraft sustains extensive damage and
the props are destroyed. For fully or partially retractable gear designs (such as for AGATE), this
issae is of prime concern. The ducted fan pusher configuration permits higher protection of the
prop in such an impact scenario, in addition to the bencfits discussed previously. Also, the
possibility of a removable shock absorbing nose cone allows for easy replacement and/or removal
and repair in the event of a relatively minor crash. The pusher concept was the most adaptable to
the application of this and the other technologies discussed above.

S. Conclusion

This paper nas discussed the study of the design of the next gei. *-ation of general aviation
airceaft as conduc:-. rough the ERAU/NASA/USRA ADP and AGATE design efforts. The
various techrologies and configurations studied throughout the ADP, AGATE and LARSS
programs were discussed and recommendations were made regarding many of them. Certain
areas of examination have not yet been completed, as the AGATE program continues, and with it
further ERAU rescarch through programs such as LARSS. From the efforts conducted thus far, a
large database containing data on a mynad of GA technologics has been assembled at Embry-
Riddle. The database consists of information on engines, airfoils, crashworthy related
sechnologies and other items, as well as ERAU student and faculty reports, and «. .cmal reports
and articles. This database is offered as an item of interest for evaluation in the design of future
GA aircraft, particularly PFT and AGATE designs.
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Abstract

A screening evaluation is being conducted to determine the
performance of several glass fabric/vinyl ester ccmposite material
systems for use in primary General Aviation aircraft structures. In
efforts to revitalize the GA industry, the Integrated Design and
Manufacturing Work Package for General Aviation Airframe and
Propeller Structures is seeking to develop novel composite
materials and low-cost manufacturing methods for lighter, safer and
more affordable small aircraft. In support of this Work Package,
this study is generating material properties for several glass
fabric/rubber toughened vinyl ester composite systems and
investigates the effect of environment on property retention. All
laminates are made using the Seemann Composites Resin Infusion
Molding Process (SCRIMP), a potential manufacturing method for
the General Aviation industry.

L Background

Lighter, safer and more affordable aircraft structural concepts are needed to revitalize the
American General Aviation (GA) industry. Such goals are the focus of the Integrated
Design and Manufacturing Work Package for General Aviation Airframe and Propeller
Structures at NASA Langley Research Center (LaRC). As part of this Work Package, NASA
LaRC researchers are currently developing novel composite materials and low-cost
manufacturing methods to meet the specific needs of the GA industry.

In an effort to ultimately determine design guidelines for GA aircraft manufacturers, extensive
testing is underway to generate material properties for the glass fabric/vinyl ester (VE)
composites and to investigate the effect of humidity and temperature on these properties [1].
The primary glass fabric chosen for evaluation was an 8-harness satin composed of E-glass
fibers (Style 7781). This fabric is known to have superior drape, a critical measure of
manufacturability, but is more expensive than other glass fabrics and with a thickness of only
10 mils per ply, requires extensive layup time to build up to the designed laminate thickness.
The primary vinyl ester chosen for evaluation was the Novolac based Dow Derakane 470-.:
This resin has the highest glass transition temperature (Tg) of all available vinyl esters, and
therefore, will have the highest operating temperature capabilities, but its low faiiure strain
has generated concerns of possible reductions in fatigue life and adhesive properties, both key
to successful aircraft composites.

To address these concerns, a 10-week material property screening evaiuation of alternative

glass fabric/vinyl ester composites was conducted. The study was sponsored by the Langley
Aecrospace Research Summer Scholars (LARSS) Program.
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II.  Material Selection

Because the GA industry is primarily driven by cost, reductions in part lay-up time is crucial.
The high lay-up time associated with small ply thickness fabrics, like the woven yarns, is
avoided when using knit rovings. These fabrics contain multiple layers of fiber, oriented at
various angles and all knit together to form one ply. This feature allows for far more cost
efficient part lay-up. For this reason, it was thought that a comparison of the mechanical
properties of knit roving laminates with the existing data on woven yarns would be b~neficial
to the GA aircraft manufacturers. Table 1 summarizes some of the characteristics of the
glass fabrics considered.

Further, because the questions surrounding the performance of the Novolac based VE chosen
as the primary matrix resin were mainly raised due to its low failure strain, it was thought
that a comparison of the mechanical properties of rubber toughened VE laminates with the
existing Novolac based data would also be beneficial. Table 2 summarizes properties of the
Novolac based and rubber toughened vinyl esters availeble as laminating resins.

Worm Yorms i
*~10 oz./eq. yd. *12-72 ox./eq. yd.
*good drape characteristics *low fiber waviness
“exponsive *multiple leyers per ply
*small ply thicknees *low lay up time
Table 1: Comperisca of Candidate Glass Fabrics
Viayl Ester Type Te Failare Vis ~sity E Example
cn Straia (%) p (ESh
Rubber Toughened 200 10 400 440 Derakane 3084
Novolsc Based 280 273 350 500 Derakane 470

Table 2: Comparisen of Candidate Matrix Resias

In considering alternative materials to supplement the current data for the woven glass
yarn/Novolac based VE, it was decided that S different panels would be constructed using the
Seemann Composites Resin Infusion Molding Process (SCRIMP). This process has been the
focus of several studies of low-cost resin transfer forming [2,3,5,6]. Components of the five
panels are as follows (glass fabric/resin):

1) 8-Harness Satin (Style 7781)/Dow Derakane 8084

2) 16 oz. Biaxial Knit (Style C16)/Dow Derakane 8084
3 18 oz. Biaxial Knit (Style C18)/Dow Derakane 8084
4) 24 oz. Biaxial Knit (Style C24)/Dow Derakane 8084
5) 32 oz. Biaxial Knit (Style C32)/Dow Derakane 8084



II.Test Plan

The core questions to be answered in testing the five laminates follow:

Are rubber toughened vinyl esters suitable laminating resins for General
Aviation aircraft?

What is the effect of biaxial knit fabric weight on laminate properties?

How do glass biaxial knit/vinyl ester laminates compare to glass weave/vinyl
ester laminates?

Is the reduction in hot/wet data due to property degradation of resin? of fiber?
and/or of interface?

Table 3 summarizes the testing planned to deliver answers to the above questions.

Test Ceadition 7781/8084 ¢16/8084 ¢18/8084 c24/8084 ¢32/8084
Tension RTD 5 5 5 5 5
Teasion ETD 5 5 s 5 5
Tension RTW S s 5 5 5
Tension ETW 5 5 5 5 5

Compress. RTD s [ s 5 s
Compress. ETD 5 5 5 5 5
Compress. RTW 5 5 5 5 5
Compress. ETW b s 5 5 5
Condition RTD No Conditioning/Tested @70°F

Key: ETD No Conditioning/Tested @165°F

RTW Conditioned @ 120°F, 85%RH, 3 months/Tested @ 70°F
ETW __ Conditioned @ 120°F, 85%RH, 3 months/Tested @ 165°F
Test Tension ASTM D638
Key: Compression ASTM D695
Volume Fraction ASTM D2584
Transition Temp. DSC
Table 3: Test Matrix
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IV. Results to Date and Discussion

Due to time constraints, the samples (100 in all) that require 3 months of pre-test conditioning

have not been tested at this point. All testing should be concluded in the near future at
Boston University. The data for the 100 unconditioned test samples follows.

A)  Effect of Fabric:
i Tension Modulus
571
458
451 413
- 44 378
- 3.63
$ as 4 ' 3.41 nd
s 3 275 2.98
s : 243 2.6 (3 TesT @ 70°F
25 ¢ .
; \ . O TesT @ 105°F
; -~ Jraw 71% ~{re% 72% 79%
§ 15 4
11
05 ¢
. VEa37| | w368 | wikassl | wipaad Vi$66.5|
7781 c16 .8 c24 c32
FAB.. S/VLE

Fignre 1: RTD and ETD Tension Modulus

As seen in Figure 1, '~k regard to the knit laminates, tension modulus increased as the
fabric weizht increased, not necessarily as fiber volume fraction increased as one typically
expects 2f composites. This anomaly to the common trend is evident in the 17% higher
tension modufus of the 24 oz. fabric than of the 18 oz. fabric despite a slightly lower fiber
volure iractice. In general for the knit laminates and especially for the heavier ones, tension
moduii were higher than for the weave. This is consistent with the idea that uncrimped
(straizht) fibers result in higher composite tension moduli. Moduli retention at 165°F was
similar for all laminaies (71-79%).



ii) Tension Strength
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The trends of measured tension strength were similar to those of tension modulus as seen in

Figure 2: RTD and ETD Tension Strength

Figure 2. With regard to the knit laminates, tension strength increased as fabric weight
increased, not necessarily as fiber volume fraction increased. Similar findings for glass

fabric/rubber toughened vinyl ester laminates have been reported elsewhere [2]. The knits
were in general stronger than the weave. Again, this is attributed to the low crimp typically
associated with knit fabrics. Tension strength retention at 165°F was similar for all laminates
(67-75%). Because tension .ests are fiber dominated, reduced matrix performance at the
higher test temperature has minimal effect on tension properties. As will be seen following,

this is certainly not the case for matrix dominated performance such as compression.
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iii) Compression Strength
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Figure 3: RTD and ETD Compression Streagth

From Figure 3, it is seen that compression strength was 6% lower for the 18 oz. fabric than
for the 16 oz. fabric despite a measured 26% increase in fiber volume fraction. Compression
strength then increased for the two heavier knits. The lower than expected compression
strength of the 18 oz. fabric may be attributed to the higher than expected crimp of that
particular laminate. Initial visual observation of photomicrographs revealed more fiber
waviness for the 18 oz. fabric than for the other knits.

The compression strength retention at 165°F of the knit laminates is alarmingly low, as up to
51% of compression strength was lost at the higher test temperature. Since compression tests
are matrix dominated, this reduction of composite property is likely due to a reduction in the
bearing ability of the resin. The large reduction of strength at 165°F indicates that additional
matrix dominated testing (such as testing for bearing loads) should take place. Apparently,
the lower Tg (200°F) of the rubber toughened VE used in this study is hindering the
laminate's bearing ability at the higher test temperature when used in conjunction with the
knit fabrics. It is anticipated that the knit laminate retention would be higher for the Novolac
based VE chosen as the primary resin because of its high Tg.

The woven fabric laminate had a higher compression strength than all of the knit laminates.
This was unexpected as higher crimp is typically associated with woven fabrics than with knit
fabrics. Visual inspection of photomicrographs however, revealed lower than expected fiber
waviness for the 8-harness satin being studied. Still, the measured difference between the
weave and the knits is puzzling. It is obvious that parameters describing the form of the
reinforcing fiber (fiber diameter, tow diameter, tow weight, etc) significantly affect
compressive properties.



B) Effect of Resin

: O 7781/470-38
7% | 70% . 69% O 7781/8084

8 8 8§ 8 8 3

COMPRESSIVE STRENGTH (KSI)

Figure 4: Compression Strength Retention, Rubber Toughened vs. Novolac Based VE

As can be seen in Figure 4 from the ETD and RTD data, the rubber toughened VE laminate
had compression strength and retention similar to the Novolac based VE. Both laminates
contained Style 7781 woven yarn. The conditioned samples are yet to be tested, but the ETW
data point is anticipated to be the critical metric in determining the applicability of rubber
toughened vinyl esters for certified use in the GA industry.

V. Concluding Remarks

From testing completed to date, the rubber toughened vinyl ester, Dow Derakane 8084
compares favorably to the higher temperature Novolac based vinyl ester Dow Derakane 470.
The one exception to this statement occurs when the rubber toughened vinyl ester is
reinforced with a knit glass fabric, as the compressive strength retention at 165°F was much
lower than desired (only=50%).

It is apparent at this point in the screening evaluation that the rubber toughened VE may
provide sufficient mechanical properties for GA aircraft when reinforced with 8-harness satin
weave. Eventually, testing of fatigue life and adhesive properties should take place to
validate the idea that this performance will be improved with the rubber toughened VE versus
the Novolac based VE. Until the conditioned samples are tested later this year, no conclusion
can be made about the ultimate use of rubber toughened vinyl esters in the General Aviation
industry.
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VI. NASA LaRC Facilities Utilized

Mechanics of Materials Laboratory, Building 1205
sInstron Series 8500 Mechanical Test Machine
£56.2 kip Load Cell
sLinear Variable Displacement Transducer
w386 PC w/ Instron Flaps Software Controiler
sMeasurement Group System 4000 Data Acquisition Tower
sMachine Shop
sTeanyson Temperature/Humidity Chamber

Polymer Physics Laboratory, Building 1293
sSintech Mechanical Test Machine
sTest Oven, Thermocouple and Temperature Controlier
8486 PC w/ Test Works Software Controller and Data Acquisition

Light Alloy Metallography Laboratory, Building 1205
sPhotomicrograph Camera

Polymer Characterization Laboratory, Building 1293
sDuPont 9900 Digital Scanning Calorimeter

Model Shop, Building 1238B
sSeemann Composites Resin Infusion Molding Process (SCRIMP) [3]

NASA Technical Library
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Abstract

The high reliability required for Aeronautical components is a major reason for extensive
Nondestructive Testing and Evaluation. Here at Langley Research Center (LaRC), there
are highly trained and certified personal to conduct such testing to prevent hazards from
occurring in the workplace and on the research projects for the National Aeronautics and
Space Administration (NASA). The purpose of my studies was to develop a
communication source to educate others of the services and equipment offered here. This

was accomplished by creating documents that are accessible to all in the industry via the
Woarld Wide Web.



Introduction

Man has always been concerned with the quality and reliability of the things he fashions
upon his immediate senses as instruments by which to test these products.
Nondestructive evaluation (NDE) is a serious business. The health and lives of people are
at stake. Cracks in fuselages, combustion chambers of aircraft engines, steam pipes, wind
tunnel turbine blades are just some of the bigger obstacles that have surfaced as
potentially dangerous problems. Our space program suffered a serious setback with the
loss of the seven young men and women. Although the shuttle disaster appears to have
been caused by several factors, including weather, design, and failure to follow established
procedures, the investigation committee has also recommended that additional inspection
methods be instituted '

NDE involves use of various non-invasive measurement techniques to determine the
integnty of a structure, component, or material without destroying the usefulness of the
item. The field of nondestructive evaluation is more alive today than ever before Many of
the major technical societies, such as the American Society for Nondestructive Testing
(ASNT) and the Amencan Society for Testing and Materials, are deeply involved in
nondestructive evaluation and are leading the drive for better understanding through
universal standardization and information disbursement.

With the recent addition of a Power Macintosh 6100/60AV and a World Wide Web server
connection to the Models and Materials Technology Branch, it has given us the
opportunity to publish information about NDE. It provides the means to make selected
information (in the form of text, graphs, tables, and images) available to interested parties.
Duning last years Langley Aerospace Research Summers Scholarship program (LARSS), I
became familiar with the fundamentals of NDE With the adequate background,

equipment and some research, I was able to create information pages regarding NDE
General information about NDE services is now accessible to the whole world via the
Internet.

The Internet and the World Wide Web

The Internet is a network of networks You can use electronic mail to contact other
people on the Internet From your computer, you can logon to another computer, called a
remote computer. The remote computer may be thousands of miles away, and you can
run programs on it as if it were i the same room You can search libraries of information
around the world and transfer that information back to your own computer.

The World ¥V - Web (WWW) s a menu system. It gathers Internet resources from all
over the world into a series of menu pages, or screens that appear on your computer. The
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WWW is also a distributed system. A distributed system stores data of information on
many computers WWW servers maintain points or links to data that are spread out over
the entire Internet, and can go out and get that data when you ask for it

Hypemmedia is the foundation of the WWW. Media refers to the type of data you find on
the Internet. One can "click “ on a section and visit other hypermedia. Media can be
ASCH text, a PostScnpt file, an audio file, a graphic image, or any other sort of data that
can be stored in a computer file

A WWW browser like Mosaic, Netscape, or MacWeb allows you to “see and hear” the
information on the Intemet. A WWW browser uses data about links to accomplish this.
The data is stored on a WWW server. WWW browsers all function in much the same
manner. A WWW browser can link you to other Internet resources, not just text
documents, graphics, or sound files. As you choose an item or resource, or move from one
document to another, you may be jumping betvween computers on the Internet without
knowing it. The WWW browser handles all ihe connections seamlessly. *

For this project, 1 solely used Netscape 1.1 which is the main browser licensed to LaRC.
Netscape 1.1 is the “King” of all Web browsers at the moment Documents, images or
any sort of data are located by links and are displayed as pages. The objective of my
research was to learn how to write these “pages”.

You can write HTML (HyperText Markup Language) pages using any word processor of
text editor. (To publish pages on the Intemet, you need to submit your pages to a server
computer.) HTML uses embedded codes (tags) to designate graphical elements and links
These codes can be produced simply from your keyboard using angled brackets and the
slash character. For example, the tag <I> presents text in italic letters. An HTML source
file containing the expression <I>This stands out </I> is displayed on screen in italic.
Notice that the tag </I> is required to notate the end of the italic expression.

HTML consists of many such tags, including tags for big headlines, underlining, italics,
bold, titles, and paragraph breaks One feature you'll use is the H1 link Here's an
example HTML that creates a link for users to click on.

<A HREF="http //beginning larc nasa gov/tct32home/ndes/NDES html ">Non-
Destructive Evaluation Section TCT #32</A>

The part of the tag between quotation marks is the URL of the page that clicking on the
link brings. The text following the URL contains the highlighted text (Non-Destructive
Evaluation Section TCT #32) the user sees on screen The tag coding and brackets are also
a required part of the link The above URL is a link to our home page



To understand how a single page s kept distinct in a world of electronic pages, you ought
to recognize its URL, short for Uniform Resource Locator. Every page has a unique URL
just like every person has a umque palm print. A URL is text used for identifying and
addressing an item in a2 computer network. In short, a URL provides location information
and Netscape displays a URL in the location field. Most often you don't need to know a
page's URL because the locauon information is built into a highlighted link; Netscape
already has the URL available when you click on highlighted text, press an arrow button,
or select a menu item. But sometimes you won't have an automatic link and instead have
only the text of the URL (perhaps from a friend or a newspaper article).

Upon studying various “HTML Writing Guides” on Netscape, I was able to construct
pages for our section. All it takes is a lot of time and some basic programming knowledge.
The NDE Section Home Page is located at the previously mentioned URL address. The
information gathered to create the page came from our section head and my previous
LARSS experience. The following is a print out of the NDE Section home page on the
World Wide Web. It was printed out using Netscape 1.1.

IWon-Destructive Evaluation Sectivi

Under Construction.... Images coming soon!

OPERATION OVERVIEW

The Nondestructive Evaluation Section is charged with supporting the NDE requirements for all of
NASA/Langley's operations. To accomplish this task various inspection techniques are employed to test the
integrity of research facilities and equipment, materials, space tlight projects and ground support equipmeat.

LOCATION

The NDE Section is part ot the Models and Materials Technology Branch of the Fabrication Division, Internal
Operations Group. The Section is located in Building 1296 (8 East Reid Street). The Phone number is
(804)864-4110 and the fax number (804)864-3854.

e Management:

o S _TION HEAD: HUGHES. JOHN T, II[
o FaCILITY COORDINATOR: BENNETT, RICHARD W



HISTORY

The NDE Secuon was established in e zarly (960's and dunne this ume has gathered both the equipment ind
SXDENENCE NECESSArY 10 DRIDIm INspeCuons ant consuilauons tor & vanety of appizcaums The Secuon
currently consisss of a statf of cleven engineenny ecnnians with an engineenng weamcian Head. Euch
technician has beea truned and cerwicd in mmwmm with The Amencan Society for Non-Destrucuve Tesung
and 15 re-Cerutied 48 neCessary 1o munLun proper credenuals,

Many inspection problems have been approached and solved by the NDE secuon. ufording the opportunity 10
establish an extensive list ot NDE accompiisaments, capabiiities and services. This listis aot compiete, but
provides an overview of the services and capaotiities the Section has provided in the past

SERVICES AND CAPABILITIES

UNDER CONSTRUCTION

I ERONEDPEE

TCT Operator 332 . LT.Hall®LoRC - 95




The underline text are highlighted links which take you automaticaily to another rage
when selected. There are images in the different “Services and Capabilities™ categories.
The pictures were provided by taking captured images off of a camcorder and
downloading them into files using “Video Monitor for the Macintosh™ software. These
files are viewed as images when a page is loaded by the Web browser.

HTML Text Sample

The following is a sample of the ITTAL codes used to create the top half of tbe flome
Page. Starting with the “Title” section up to the end of the “Management” section.

NOES.htmt . !
<titlex¥ASA LaRC MZES licwe Fage</TITLES<center>

<ranters<table border=6><tr align=center><td align-center>dl1>Non-Destructive
Baluation Sectrion</Hls</a></td~/tr=/tables</centers<br><i2>Under Constructic
Imeges caming som!</IR2></center>

<hr>~H13>0OFERATICN OVERVIB: /13>

<P align=left><PODY-*he Norddestructive Evaluation Section is charged with
syprrting the NEF remirements for all of MASA/Langley's operations. To acomgp
~ this task various inspection tecimiques are enployed to test the integrity nf
tesearch facilities and emigment, materials, space flight projects and ground
siyport equipment . </BOOY<BR>

I 13LOCATION< /1B~

Iy~

‘M= tRF S&ction is part of the thiels ard thterials Teclywlogy Branch of the
Fabrirnation Division, Intermal tperations Gromp. 1MMe Section is lorated in il
1206 (R Fast Peid Street). 'lhe Flrnme rwmber is (804)864-4110 and the fax mmber
R{)RAA1-9854 <« /PO~ PR~<lR>

b~ lis<h3Managenent :2</h3> <ul> «<1isSACTIAN HEAD:  <a href="http://

Py . larc.nas.a.gov/ogi-bin/tdnis.plTenp=3032AE">H)ZES, JOM T, IlIc</a><BR><LI>
FACILITY COORDIMAIOR: -a href="http://pory . larc.nasa.gov/cgi-bin/whois.pl Yenp=
JO92AX">BFINEIT, PICHARD We/asbrx</ul:</ul>p>
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As you can see from the code saniple, the HTML language is really just written in plain
English with a few tags to identify the different characteristics and format of texts. Once
HTML is understood, there are many advanced features available. From ycur basic
background colors to large fancy borders and tables. A good beginner’s guide to writing
HTML documents can be reviewed in the World Wide Web by accessing the following
URL: http://www ncsa uiuc edu:80/demoweb/html-pnmer html

Results

Nondestructive testing is a serious business and will always have a place in the world of
progress and technology NASA has set the standards and corntributed greatly to the
industry. With the information now available to all at the touch of a computer, it eases
technology transfer as well as gets the most bang for the buck out of the taxpayers funds.

Although the primary objective of my project was to make the NDE Section Services
available on the web, I also constructed the Polymer Technology Section(PTS) Home
Page. This proved a little more difficuli due to my insufficient knowledge of PTS
background and the short length of the intern. This page may be viewed at the following
URL.: http://beginning larc nasa gov/tct32home/PTS/PTS html

References

1. John Wiley & Sons, Inc 1987 Introduction to Nondestructive Testing; A Training
Guide Austin, TX p 5.

2 Gretchen L. Gottlich. May 31, 1995 WWW Reference Sheet Netscape Document;
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Abstract

To produce a multimedia CD-ROM for the Technology Applications Group which would
present the Technology Opportunity Showcase (TOPS) exhibits and Small Business Innovative
Research (SBIR) projects to interested companies. The CD-ROM format is being used and
developed especially for those companies who do not have Internet access, and cannot directly
visit Langley through the World Wide Web. The CD-ROM will include text, pictures, sound,
and movies. The information for the CD-ROM will be stored in a database from which the users
can query and browse the information, and future CD’s can be maintained and updated.



The Project

The Technology Applications Group needed a way to transfer technological ideas to the private
sector companies. A great way to transfer this technology is reaching millions of people through
the Intemet. However, another huge section of society does not have Intemet access, and those
are the people and the companies that we hope to target with this and future CD-ROM’s.

The CD-ROM team consists of Myrna ‘Sya’ Rivera, a senior at Christopher Newport
University majoring in Computer Information Science, Dr. Joshua Anyiwo, Associate Professor
of Physics and Computer Science at Christopher Newport University, and myself, a recent
graduate of Christopher Newport University with a degree in Computer Information Science.
Sya and Dr. Anyiwo started work early, and at the end of a previous job, I joined them on the
June 5th beginning of the 1995 LARSS program. Stuart Pendleton, our mentor, knew that this
would be a very interesting, yet time-consuming project and suggested that they begin as soon as
possible. There was a huge learning curve that was associated with this multimedia project .
None of us ;ad experience in multimedia, but Sya and I had "~vorked together before in a team
environment developing World Wide Web (WWW) pages for our senior project at CNU under
direction of Dr. Anyiwo. This gave us a general knowledge of graphical user interfa.ce (GUI)
development and the structure of information and idezs.

In the beginning, the team had considered developing the CD-ROM i.i the Hyper Text Markup
Language which is used for development of World Wide Web pages on the Intemmet. However,
due to limitations in time and the ability to acquire distribution rights of the WWW browser, the
group decided to use a relational database format.

The purpose of producing the CD-ROM is to inform the different organizations of the TOPS
exhibits and the SBIR projects at NASA. The CD-ROM will allow companies that cannot afford
Internet capabilities or to send representatives to the TOPS exhibits, the opportunity to obtain
the information available. The CD will also allow small businesses to quickly access information
on TOPS or SBIR projects and determine if they could use the teciuology, o would like to
participate in the development of a new technology. The primary function of the CD-ROM is to
distribute information.

The TOPS portion will be composed of approximately 100 one pagers from the 1995 exhibit.
The purpose of TOPS is to identify new multi-use technology opportunities and develop new
partnerships with U.S. industry for commercialization of this technclogy. The purpose of SBIR
is to seek innovative concepts that meet NASA n ‘ssion needs, as well as have the potential for
commercial applications.

469



470

The Design

Maintainability

The design of the CD-ROM is modular, meaning that maintaining and updating the CD w:ll only
require updating the necessary information contained in the database, such as video, audi», text
and mcvies.

Usability
The GUI format of the CD will require that the users ‘click’ on the desired information or enter a
keyword for topical searches of the TOPS technologies..

Reusability
Storing the CD information will keep future developers from having to start from scratch.
Inputting the new information is all that will required.

Extendibility
Changes to the CD can be made through changes to the database and how the information can
translated into Hyper Text Markup Language (HTML) for future LAP.SS students.

LaRC Equipment and facilities

Software

Software used included Microsoft Power Point for graphics and presentation formats, Microsoft
Excel for a few spreadsheet documents, Microsoft Word for lots of word processing. We also
used Claris Impact and Color-It to produce the screen layouts including the clip art, gradient
backgrounds and a variety of colored screens. Adobe Photoshop was used for scanning images
and enhancing the images quality of color, brightness, etc. Adobe Premiere was used for editing
the video and audio | ‘rtions of movies and remaking the movies with the changes. Fusion
Recorder was used to gather video clips from a VCR using an audio/video capture board. Movie
Shop was used to process the Premiere movies and apply compression algorithms for play back
off of a double speed CD-ROM drive. Netscape, a WWW browser was used to gather
information. Fetch, a FTP software package was used to download needed files. Microsoft
FoxPro was used to assemble all of the data sources in one program for case of use and browsing.

Hardware

The team used huge amounts of hardware and computing power. The three of us each used a
Power Macintosh. 1had a 21" monitor that was absolutely fabulous. I also had an 540 Mb
internal hard diive, as well as a 1 Gb external hard drive. This amount of space was essential
since some of the movie files that were created exceed 350 Mb a piece. Some of the other
equipment consisted of a ScanMaker II scanner, a Pinnacle CD-ROM writer, and a VCR.



Facilities
For the most part, we used the equipment in our office, and got information and files of the
network and file servers. We did request some infonnation and images from Graphics, as well as

the Video Production Lab.

Conclusion

We hope to have the CD finished by the end of this week, or the very beginning of next week.
We will probably present the CD to the Tecknology Applicatior:s Group on Monday, August
14th. We have learned a lot, and made long strid=s of progress. I have learned a great deal, and
value the experience that [ have gained.
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Abstract:

The aim of this project is to develop and implement a sniffer that is capable of measuring
the mass flow rate of air through a small area of pinholes whose diameters are on the magnitude
of thousaruths of an inch. The sniffer is used to scan a strip of a leading edge panel, which is
being used in a hybrid laminar flow control experimen., in order to survey the variations in the
amount of air that passes through the porous surface at different locations. Spanwise scans are
taken at different chord locations by increasing the pressure in a control volume that is connected
to the sniffer head, and recording the drop in pressure as the air is allowed to flow through the
tiny holes. This information is used to obtain the mass flow through the structure. More
importantly, the deviations from the mean flow rate are found and used to determine whether
there are any significant variations in the flow rate from one area to the next. The preliminary
results show little deviation in the spanwise direction. These results are important when dealing
with the locaticn and amount of suction that will be applied to the leading edge in the active
laminar flow control experiment.



All information presented mn this report 1s owned by _adustry and therefore no specific numerical
results can be presented.

Introduction/ Backeround Infermation:
The intended application of this smiffer 15 10 examine the vanations in the flow rate

through the tiny holes on the leading edge panel of a wing that is being used i a hybnd laminar
flow control experiment. In hybrid laminar flow control. suction is applied to the leading edge.
Thousands of minuscule electron-beam-dnilled holes in the titanium skin of the leading edge act
like tiny vacuum cleaners sucking away the turbulent air closest to the surtace to create laminar
tflow. The size of the pinholes and the amount of suction applied through them are the keyvs to
the success of the laminar flow control system. The location of the suction 1s also important and
can be applied at differen: flutes. The flutes are the passage ways for the air to move through the
structure. Each flute is one inch wide and contaims thousands of holes.

Since the hoies are dnlled using a laser it 1s probable that there is some variation in the
diameters of the holes and 1t is also possible that some holes may not be drilled all the way
through to the flutes due to fluctuations i power. There is also the possibility that some holes
may be clogged. Therefore, the suciion that is thought to be applied may not be the actual suction
that 1s taking place. This snifter 13 able to determine the actual flow through diffcrent areas of
each flute.

Leading Eoge

Porous titanum skin

ecoo Air flows through flutes
600 0l .
e i the structure '

Figure |




Figure 2 shows a schematic of the experimental setup. This setup is being used to survey
a leading edge panel that was tested in the hybrid laminar flow control experiment that is
currently taking place in the 8 11 Transonic Pressire Tunnel. The release valve is shut while air is
allowed to flow through the fill valve until the pressure in the control volume has reached S psi.
At this time, the till valve is shut and the sniffer head is placed over the appropriate section of
the leading edge. The release valve is then opened and the pressure drop is recorded. The pressure
in the control volume 1s measured using a pressure tap and a digital pressure indicator. The
analog voliage signal sent out by the pressure indicator passes through an analog-digital converter
and the digital voltage 1s then read by the Macintosh computer and converted to psi. All data
acquisition and analysis programs for this project were written using LabVIEW.

Air

Fill Valv

Pressure Tap  Digital Pressure Indicator
ps

DOERVLIICLRRIDE

ApCas)

A-D Converter

Control Volum

g L &

Ma{:mtmmﬁr

Sniffer Head
Porous Leading Edge

Figure 2

This procedure is repeated as the sniffer 1s moved along the flute that is being surveved.
The sniffer head was designed and consiructed t¢ cover an area of | inch x 1/8 inch in order to
cover the width of a flute and only a small area in the spanwise direction. Each scan covers a
distance of 2.0625 inches along a flute. The pressure drop of 32 areas is recorded by moving the
sniffer by 1716 inch each tume. allowing for an overlap of 1/16 inch for each move. Once a scan is
complew the derivative of the pressure versus time curve is computed for each location. This
gives the corresponding mass flow at every pressure difference for each area From here. the
deviation in the flow rate at each area from the mean flow rate of the entire scanned area can be
obtained for a single pressure difference.

Prior to surveving the actual leading edge of interest. experiments were done on a sample
of the perforated titanium skin. [t s evident by simple exanunation of this sample that several
holes were not dnilled completely through the surface. This gives reason o believe that the skin
an the panel alse has several holes that do not completely puncture the surface, All software was
developed and tested on this sample before being used on the actual panel.




pressure

REPEATABILITY CHECK

time

Figur. 3
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DEVIATION FROM THE MEAN FLOW RATE
scan taken on flute B
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COMPARING THE DEVIATIONS OF FLUTES A AND B
OVER THE SAME SPANWISE SECTION
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As stated earlier, specific numerical results cannot be given in this report. The presented
results show a sample of data that has been acquired and used to examine the flow rate through
the surface. Figure 3 shows the repeatability of the setup for acquiring the pressure drop for
seve-al surveys at the same location on the surface. Once the setup was found to be repeatable at
the same location, the spanwise scans were taken and a set of the results can be seen i.1 figures 4-
6. Figures 4 and 5 show plots of the deviation from the mean flow rate across flutes A and B. In
figure 4 it can be seen that the maximum deviation is 3% and in figure S the maximum deviation is
4%. The deviation was expected to be much greater than this. The average deviation from the
mean is 1% for each flute. The mean flow rate through flute A was found to be approximately
9% percent greater than the flow rate through flute B. The section of the skin at flute A is known
to have more perforations, so this was expected. Figure 6 shows the deviation from the mean of
both flutes at the same spanwise location. This was done to check for any trends in the
deviations that may run in the direction in which the holes were drilled. From this plot there
doesn't appear to be any relationship between the slight variations in flow and the spanwise
location.

Conclusion:

The sniffer developed in this project is able to record the pressure drop as air flows
through the perforated titanium skin. The programs that were developed can then use this
information to calculate the mass flow and the deviations from the mean flow rate. These resuits
can then be used to examine any variations in the flow rate at different locations on the leading
edge panel. The sections that have been tested with this sniffer have not produced the results that
were expected. It was expected that deviations up to 100% would occur, but to this point no
significant deviations have been found in the results. There was also some speculation that a
relationship might occur between the spanwise location and the variation. No .1end has been
found by the sniffer to indicate that this is true.
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Data Analysis
Eric Mejidrich

1.0 Abstract

Recently the Low Visibility Landing and Surface Operations (LVLASO) project
team of the Systems Integration Branch at the NASA Langley Research Center com-
pleted 2 flight demonstration of TAP / ASTA concepts at the Adantic City airport.
This paper is concerned with the analysis of the aircrait data that was recorded by
the test vehicle during the duration of the flight demonstrations.

2.0 Introduction

The Airport Surface Traffic Automation (ASTA) program was started by the Federal Avi-
ation Adminisiration to increase the capacity of todays airports while maintaning high lev-
eis of safety. The NASA Terminal Area Productivity (TAP) program is concerned with
the possibiliiies of clear weather capacities in Instrument Flight Rule (IFR) cenditions.
The test demonstration at the Atlantic City airport illustrated many aspects of the TAP
and ASTA programs.

During a test, data was recorded by the test aircraft itself, and by NORDEN on the ground.
This data consisted of positions, velocity. time, altitude, and a host of other variables.

3.0 Objective

This analysis is concemed with two main questions.
1. What was the accuracy of the various GPS and radar data that was recorded ?

In all cases the “true” position of the aircraft is the post processed GPS which is accurate
to within three centimeters of the actual position. ASDE-3 radar. Raw GPS, and Differ-
ential GPS are all compared to the post processed GPS to determine their accuracy.

2. What was the availability of the data link that was used to transmit data to the
test aircraft from the ground station ?

Wher: looking at the ARINC message data, one finds that there are ‘gaps’ in the data
stream where there is no data. These ‘gaps’ represent the time when the aircraft did not
receive ASDE-3 radar data. By looking at these gaps, one can find the percentage of time
that the radar data was not available.



4.0 Procedure

To analyze the GPS data, the collected data is first extracted from a file that contains all of
the vanables that were recorded by the test aircraft during the test. Then the latitude and
longitude position data for the DGPS, and the Raw GPS are converted into an X,y position
in a local plane coordinate system with the NGS Monument used as the reference position.
Once the data is in the local plane coordinate system, plots are made. Next the error in the
DGPS and Raw GPS -osition are calculated using the post processed GPS as a reference.
The error is just the linear distance away from the post processed GPS at a given time.

Analysis of the radar data is a bit more complicated, as there is a time delay from when the
radar echo was seen on the ground, to when the radar echo was received in the plane. The
reason is that the radar uses a rho, theta coordinate system which must be converted to a
local pla~ =z x,y coordinate system, which is then converted to a lat, lon. Then the data is
transna’« , to the plane on a wireless RF link. Once the data is received by the plane, itis
converted back into a local plane coordinate system. So we have to make sure one knows
what question they are asking when doing the analysis. If an error analysis is done using
the positions based on a matching timestamp, then all of this delay is going into the error
measurement. To do a srictly positional error analysis the time must be disregarde.

To do this, a Matlab(tm) routine was written to take a radar point, and the nearest 20
points in time, and compute the distance between them. The smallest distance must be the
error that one desires to find. In the simple drawing below, the line represents the post
processed track, and the small circles are the radar returns. D1 would represent the error,
when comparing positions using timestamps. The strictly positional error would be D2.
This kind of measurement is what is recorded in the table Position Sensor Accuracy.

O

O\

D1

D2
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To analyze the ‘gaps’ in the data, the file that contains the saved ARINC messages is
manipulated into an ASCI] format. Then the test aircraft’s timestamps are extracted from
the file for examination. ‘Double’ entries are removed, and analysis of the timestamps can
occur.

Gaps in the timestamps were counted using a simple C program that lets the user specify
the gap width to ignore, and the file to parse. If a user specified a gap width of two, gaps
such as 15:08:25 - 15:08:27, and of course 15:05:12 - 15:05:13 are ignored. The program
then parsed the time stamp file counting the time that elapsed in the gaps.

5.0 Data

The data used in this analysis was collected from the June 27th, 28th, and 29th demo
flights of the test aircraft at the Atlantic City airport. The data is sampled at 20 times per
second. For the purpose of this analysis, one took one sample of the 20 Hz data per sec-
ond to match the post processed data which is one sample per second. Most of the test
flight intervals were between 20 and 30 minutes long. The run number and the start and
stop times are listed in the next table.

TABLE 1. Start and Stop Times
Demo Start Stop
Label Time Time
June 27#1  14:40:42 15:07:20
June 27842 1S:1S5:11 15:32:19
June 27#3  15:35:50  15:49:27
June 27#4  18:20:17 18:33:44
June 2745  19:05:52 19:14:43
June 27#6  19:33:19 19:46:30
Iune 27#7  19:52:17 20:05:21
June 28#1 14:28:36 14:44:44
June 28#2 18:4]1:44 18:55:00
June 28#3  19:52:3] 20:06:33
June 28#4  20:07:28  20:18:30
June 29#1  15:08:26 15:18:40
June 29#2 16:08:30  16:19:30
June 2943 16:43:00 16:51:00

The radar data came from two srurces. The ARINC messages file contains the radar data
that was received by the plane over the RF data link from the ground station. The ground
station (NORDEN) also kept a file of the radar data that was uplinked from the ground sta-
tion. By looking at was sent, versus what was received gives one another view on the
radar data availability.



The Norden radar data was in a hexadecimal format that must be manipulated to extract
the data that one wants to look at, particularily the target positions. Once the target posi-
tions are extracted, they are sorted based on the identification number of the target.

Also, the June 27th radar data was off by a constant rho,theta factor which turned out to be
approximately negative forty feet, and one one hundreth of a radian.

6.0 Results

The table entitled Position Sensor Accuracy, on the next page, shows the error in the
DGPS, Raw GPS., and the ASDE data as received by the test aircraft, compared to the post
processed GPS. The position plots are shown after this table, as is a plot showing the
Atlantic City airport itself.

The Norden Ground Tracks plot and TSRV Ground Tracks plot show the radar data in a
three dimensional perspective. The Norden Ground Tracks plot is a plot of the targets that
were seen by the radar ground station. The TSRV Ground Tracks plot is a plot of the same
radar data after it was uplinked to the plane on the RF data link. The z axis is time, and
the x, and y axis are x and y position of the target. Also the targets are projected down
onto the x, y plane. These plots show the gaps in the radar data vividly. Look at the long
red target on the Norden Ground Tracks plot, and compare it to the same target on the
TSRV Ground Tracks plot. Notice the breaks in the TSRV plot’s target. These are gaps in
the radar data.

The three dimensional availability charts that follow represent the percentage of time that
radar data was NOT available.

Example: For an ignored gap of two on the June 27-1 test - gaps in the data of 1
(i.e. 15:08:25 - 15:08:26, and 2 (i.e. 15:08:25 - 15:08:27) are ignored - the radar data
was unavailable for approximately 45% of the time,

There are three separate charts for June 27th, 28th, and 29th respectively.

The Maximum and Minimum Nonavailability chart shows the maximum and minimum
percentage for each gap count in the data.

The Nonavailab.lity chart shows for ignored gaps of one, two, and three, the percent of
time that radar data was NOT available.

Example: For the June 27-1 test with an ignored gap of three, the radar data is
available approximately 77% of the time.
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Norden Ground Tracks June 28 20:07z
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TSRV Ground Tracks June 28 20:07z
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TSRV Ground Tracks June 28 20:07z
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7.0 Conclusion

As one can see from the error table, the radar data was the least accurate of the three posi-
tions compared with the post processed GPS. However, if the few points that are skewing
the mean value in the radar data are ignored, the ASDE Ave becomes closer to the Min.
The raw GPS falls in with an overall average of approximately 2.79 feet, which is only a
little more than the DGPS. The DGPS has the least overall error with an average of
approximately 1.8 feet. This is excellent when one considers that the test aircraft was per-
haps 75 feet across. When differential corrections fail, the position of the test aircraft will
only be as accurate as the Raw GPS.

Concerning the radar data availability data, at first all the gaps in the data were counted,
and the percentage of the total time that the radar data ws unavailable was between 75
and 85%. This seemed like a large amount, and it was decided that a closer look at the
data was in order.

A large percentage of the gaps in the radar data were two second gaps (i.e. 15:08:25 -
15:08:27). In the target data for the test aircraft, sometimes two positions were sent in the
same second - two different packets are stamped with the same time, but contain different
ownship (test aircraft) pusitions. An example of this is shown after the plots. It is possible
that the two packets witl: the same timestamp cause the majority of the two second gaps in
the data.

Example: 15:08:09
15:08:10
15:08:10 --> Should be counted as 15:08:11 and two second gap ignored.
15:08:12, etc.

When the two second gaps that are paired with a double timestamp are ignored, the avail-
ability of the radar data jumps to between 55 and 60%.

So basically this comes down to how one wants to define availability. If one ignores all
gaps in the data that are 19 seconds or less, the radar data was available 100 percent of the
time. On the other hand if one does not ignore any gaps in the data (even th * two second
gaps), the the radar data was available only 18% of the time.

It was later discovered, that while the GPS receiver is operating in DGPS mode, there is
no Raw GPS data. The DGPS is mirrored to the Raw GPS, and this is why DGPS, and
Raw GPS are so close in the error table. In this case the Raw GPS numbers really have no
meaning.
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Abstract

The objective of the s’ ady was a continuation of the “technology push” activites
that the Technology Transfer Team conducts at this time. It was my responsibility to
research current technologies at Langley Research Center and find a commercial market for
the~= technologies in the private industry. After locating a market for the technologies, a
mailing package was put together which informed the companies of the benefits of NASA
Langley's technologies. The mailing package included articles written about the
technology, patent material, abstracts from technical papers, and one-pagers which were
used at the Technology Opportunities Showcase (TOPS) exhibitions. The companies
were encouraged to consult key team members for further information on the
technologies.



INTRODUCTION/ BACKGROUND INFORMATION

Since the signing of the Space Act in 1958, the technologies of NASA have proven
to contribute to the economic security of the United States. As a part of this legislation,,
partnerships between the private sector and NASA have been strongly encouraged.
NASA should no longer be solely considered a space center. It's responsibilities have
branched out to the private industry, and technology transfer has become a key function
at each NASA center.

In addition to its existing partnership with the aerospace industry, NASA Langley
proactively seeks non-aerospace partners for R&D collaborations where such
collaborations offer significant synergy or benefits from sharing technology.
Arrangements will be emphasized with industries which can benefit significantly
from introduction of NASA technology for new products, improved products or
increased efficiency.

(Agenda for Change, p.7)

This important marketing responsibility is held by LaRC's Technology
Apllications Group, part of which is the Technology Transfer Team (TTT). The
Transfer Team is divided into four specialized sections: Medical/Sensors/Instrumentation/
Environment/Energy, Information/Communication, Transportation,
Materials/Manufacturing. It is a primary objective of the TTT to "encourage broader
utilization of NASA Langley-developed technologies in the American industrial
community." (The Technology Transfer Process, p.1)

SUMMARY OF RESEARCH

The key purpose of my particular project was to solicit interest in the current
technologies which have failed to be utilized or licensed by the private industry. Requests
were made to several transfer members to submit a list of technologies which they
believed would be beneficial to a commerciai market. Two technologies were chosen from
the list submitted based on benefits to the commercial market and the existence of a
market for the technology. The technologies which were selected were the Blind-Anchor-
Nut-Installation-Fixture (BANIF) and Panel Analysis and Sizing Code (PASCO)
software.

DESCRIPTION OF TECHNOLOGIES

BLIND-ANCHOR-NUT-INSTALLATION-FIXTURE is "an invention which
enables a user to install an anchor nut on the blind side of a component. The potential
commercial uses include boat repair, maintenance and repair of transportation sysiems,
and automotive bodywork" (TOPS one-pager, "Blind Fastening Technique")
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PANEL ANALYSIS and SIZING CODE provides a graphical interface which
simplifies the specification of panel geometry and reduces user input errors. The user
draws the initial structural geometry, then uses a combination of graphic and text inputs
to refine the structural geometry. The potential commercial use corrugated cardboard
boxes. (Abstract, "User's manual for MacPASCO")

APFROACH

After the selection of the technologies, research into each technology began. The
team members which specialized in each particular technology aided in my research.
Publications by the researchers, one-pagers from the Technology Opportunities
Showcase (TOPS) exhibitions, and abstracts from NASA technical papers were obtained
through the use of the World Wide Web. Other materials were also acquired from by the
Technology Transfer Team members. The reading materials were collected and organized
for 2 mailing package so that the selected marke* could be informed of the benefits of
NASA Langley's technology.

Following the compilation of the mailing material, a specific target market was
determined. A discussion with several of the TTT members was held so that an optimal
market was chosen. The particular markets were selected because they appeared to be
able to receive the most benefits from the technology, would use technology the most
resourcefully, and would generate the most funds. The markets which were chosen were
as follows: Blind Fastener--Tool Companies, and "PASCO" software-- Corrugated
Cardboard Box Companies

With the aid of the librarians at the Technical Library who searched on an
extensive database, the addresses of companies which fit into each particular category
were gathered. The listings included companies from around the country, examples being
Snap-on Incorporated and

Black & Decker. A cover letter was included with each mailing package to the
companies. They were requested to review all the materials included and contact a
specific TTT member if interested in further information regarding the technology, or
interested in licensing the technology. At this time responses are being awaited.
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ABSTRACT

This report contains information about the tasks I have compieted and the valuable
experience I have gained at NASA. The report is divided into two different sections
followed by a program summary sheet. The first section describes the two reports [ have
completed for the Office of Mission Assurance (OMA). 1 describe the approach and the
resources and facilities used to complete each report. The second section describes my
experience working in the Receipt Inspection/Quality Assurance Lab (RI/QA).

The first report described is a Product Assurance Plan for the Gas Permeable
Polymer Materials (GPPM) mission. The purpose of the Product Assurance Plan is to
define the various requirements which are to be met through completion of the GPPM
mission. The GPPM experiment is a space payload which will be flown in the shuttie’s
SPACEHAB module. The experiment will use microgravity to enable production of
comple: polymeric gas permeable materials.

The second report described in the first section is a Fracture Analysis for the Mir
Environmental Effects Payload (MEEP). The Fracture Analysis report is a summary of
the fracture control classifications for all structural elements of the MEEP. The MEEP
hardware consists of four experimen* carriers, each of which contains an experiment
container holding a passive experiment. The MEEP hardware will be attached to the
cargo bay of the space shuttle. It will be transferred by Extravehicular Activity and
mounted on the Mir space station.

The second section of this report describes my experiences in the RVQA lab. 1
listed the different equipment I used at the 1ab and their functions. I described the
extensive inspection process that must be completed for spaceflight hardware. Included,
at the end of this s ction, are pictures of most of the equipment used in the lab.

There is a summary sheet located at the end of this report. It briefly describes the
valuable experience I have gained at NASA this summer and what I will be able to take
with me as I return to college. 1 briefly discuss the experiences I mentioned in the
previous three paragraphs along with training classes I attended and courses I completed
at the Learning Lab.



OFFICE OF MISSION ASSURANCE (OMA)

Product Assurance Plan

My first project consisted of preparing a Product Assurance (PA) Plan for the Gas
Permeable Polymer Materials (GPPM) mission. The purpose of the Product Assurance
Plan is to define the requirements for configuration management, reliability, quality
assurance, parts, materials, processes, and system safety which are applicable for design,
procurement, fabrication, assembly/disassembly, and test operations for Langley Research
Center deliverables through completion of the GPPM mission.

The purpose of the GPPM experiment is to use microgravity to enable production
of complex polymeric gas permeable materials. This experiment will be put aboard the
SPACEHAB module which is integrated into the Orbiter cargo bay. SPACEHAB
provides a shirtsleeve environment for performance of multiple experiments.

The material resources I used to accomplish this task were the manual (LHB
5300.1), the handbooks NHB 5300.4(1B) and 5300/4(1A-1), and a PA Plan for a
previously completed experiment. The human resources I took advantage of, in the Office
of Mission Assurance, to complete the plan were the program assurance manager, GPPM
project personnel. payload safety engineer, and the reliability engineer.

The first section of the Product Assurance Plan includes the classification of the
payload, the mission success criteria and a list of the Office of Mission Assurance’s
Product Assurance Services. GPPM is a “Class D” payload. This means that this payload
has objectives worth achieving at a cost not to exceed the amount required for a single
low cost attempt where single failure points are acceptable and formal verification
requirements are limited to those necessary for safety and compatibility. The mission
success criteria for the GPPM experiment will be met if it maintains mechanical and
electrical integrity from launch through landing and has the capability to enable a variety of
sample tube monomer mixtures to polymerize. I worked with the program assurance
manager to determine all of the items to be furnished to the Project Leader at appropriate
times.

The second section of the PA plan states where the GPPM Project Team
Crganization can be found and describes the responsibilities of the Product Assurance
Engineer. The Product Assurance Engineer is responsible for assuring the overall
implementation of the requirements of the PA plan consistent with the intent of the
Product Assurance Instruction 5§300.1 “Program Assurance: General Policy,
Responsibility, Authority, and Implementatior.

The reliability assessment and design specifications for the GPPM are included in
the third section of the PA plan. I found out, from the reliability engineer. the type of
reliability analysis that will be done on GPPM. The GPPM had been flown on previous
missions successfully without a reliability analysis being done. Therefore, a reliability
analysis does not need to be done for the current experiment. Design data will be
reviewed to ensure that quality, reliability, and safety considerations have been factored
into the flight hardware design.
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The fourth section of the PA plan establishes a Configuration Management System
for the control of the GPPM experiment. This section cites the way design changes are
dealt with and how parts, materials, and processes are to be accounted. The GPPM
Project Manager shall be responsible for providing and implementing a GPPM
Configuration Management Plan prior to fabrication of flight hardware. The plan should
identify the configuration management system to accurately define and control the
configuration of flight hardware, spares, and ground support equipment.

Procurement Program Assurance is covered in the fifth section of the PA plan.
The purchase request review, receiving and inspection, the acceptance/rejection of
received articles, receipt inspection and supplier documentation requirements are
contained in this section.

The sixth section covers parts, material selection, and process control. Parts shall
be selected which optimize design and performance to certain extents specified. The
Electrical, Electronic, and Electromechanical (EEE) Farts Manager shall approve all EEE
parts in the GPPM hardware and is responsible for qualification, screening, testing, and
failure analysis as required. The EEE Parts Engineer shall develop the GPPM Parts list
and show lot/date codes as appropriate. Fasteners reccived at Langley Acrospace
Research Center will be verified by the Receiving and Inspection Lab per GPPM
specifications (I was able to do this task of verifying fasteners at the Receiving and
Inspection lab as I will describe under the topic heading “Receipt Inspection/Quality
Assurance Lab™). A materials and limited life items list shall be prepared. Metals will be
selected using MSFC 522B “Design Criteria for Controlling Stress Corrosion Cracking,”
as a reference and ail GPPM hardware will satisfy outgassing constraints in accordance
with JSC 09604F/MSFC-HDBK-527F.

Quality control requircments are contained in the seventh section of the PA plan.
Electrostatic Discharge Control (ESD), fabrication control, inspection and testing,
assembly and integration, nonconforming articles and material control, bonded stores,
metrology control, QA stamp control, the end-item data package and handling
preservation and shipping all have requirements included under quality control. Most of
these topics’ requirements are defined in certain cited handbooks. The end-item data
package provides cognizance of the functional characteristics, and flight worthiness of the
hardware to be shipped and subsequently maintains configuration accountability.

The eighth and final section describes what will be done for system safety of the
GPPM experiment. A reflown assessment will be developed and documented based on
the Safety Analysis presented to the Safety Review Panel for previous flights. All safety
reviews shall be held in accordance with the phased system as defined in NSTS 13830B.



Fracture Analysis

My second project consisted of preparing a fracture analysis report on the Mir
Environmental Effects Payload (MEEP). The MEEP hardware consists of a sidewall
carrier and four Passive Experiment Carriers (PEC), cach of which contains an experiment
container holding a passive experiment. The PEC's will be attached to the cargo bay of
the space shuttle. They will be transferred by Extravehicular Activity and ther. mounted
on the Mir space station.

The fracture analysis report is required for the flight certification of Shuttle
payloads by NHB 8071.1. The fracture analysis report is a summary of the fracture
control classifications for all structural elements of the MEEP. Each compone.at may fit
under one of five categories: contained, fail-safe, low risk fracture, low released mass, or
fracture critical. The structural elements have been fabricated from materials that have
high resistance to stress corrosion cracking (SCC). For each part, the material is listed
along with its SCC classification.

The first step that needed to be taken, in order for me to be able to determine the
information needed to compiete the requirements stated in the paragraph above, was to
obtain the drawings for the hardware under consideration. I obtained the drawings from
the acrospace system engineers who drew them. These drawings of the individual
structures of the MEEP show the material of which each component is made. [ then
listed, in my report, the components of the MEEP, followed by the material they are made
of and the stress corrosion cracking (SCC) classification of the material. The SCC
classification for each material was obtained from the booklet "Design Criteria for
Controlling Stress Corrosion Cracking." A classification of 1 indicates high resistance to
SCC, 2 indicates moder...c resistance, and 3 indicates low resistance.

I then studied the drawings of each component very carefully to determine their
fracture classifications. A full-scale model of the MEEP was also available, in the systems
engineering building, to study in order to get a better picture of its components. In order
to classify each component, I determined fractures that could occur in each component
that would cause a worst case scenario. If a component is classified as being contained, it
can fracture and not be a threat to the payload of the shuttle, due to it being contained by
a surrounding structure. A fail-safe component is designed with redundancy, which means
if one part of its structure failed there would still be another structure holding the part in
place. Low released mass is a classification given to a structure which does not have the
potential to do damage to the shuttle payload if it fails, due to its light weight (Mass < 2.5
Ib.). The classification "fracture critical,” raises the most concern of all the possible
classifications a structure can be labeled. If a structure is fracture critical, it may cause
damage to the shuttle if it fails (catastrophic failure). Engineers try to design the
structures to contain a minimal number of fracture critical parts. Low risk fracture is a
classification which permits hardware which would ordinarily be defined as "fracture
critical” to be classified as "non-fracture critical" when the possibility of failure due to a
crack-like flaw can be shown to be extremely remote.

Every component of the MEEP was made of either 6061-T6 AL, 7075-T73 AL,
A286 SST, or 300 series SST. These are all materials which have high resistance to stress
corrosion cracking and therefore, in the analysis, each component was given a SCC
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classification of 1. Most of the cmponents of the MEEP were identified during the
analysis as being either fail-safe or 1 low released mass. The attention should be drawn to
the two components which were found to be fracture critical. These components are the
hook latches located on top of the experiment container and on the sidewall carrier and
the latch plate pins which join the latches to the sidewall carrier (drawings of these
components along with the entire MEEP structure are shown below). If a crack
propagated at the bottom of the hook latch, above where it is bolted on to the structure,
causing the component to fail, it woukl become a projectile. This projectile would weigh
more than .25 pounds and has patential to do damage to the shuttle payload (if it weighed
less than .25 pounds, it would be considered a low release mass as stated earlier). The
laich plate pins are also considered fracture critical since if one failed, the entire latch
assembly would become a projectile which weighs much more than .25 pounds. Stricter
and more numerous inspections will be done on these fracture critical component,.

MEEP Payload Drawing
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Receipt Inspection / Quality Assurance (RI/QA) Lab

I was fortunate enough to be able to spend some time working with the inspectors
at the Receipt Inspection/Quality Assurance (RI/QA) Lab. The inspectors are employed
by Mason & Hanger who are contractors at NASA. I conducted various quality
inspections and verification tests of incoming stock and spaceflight hardware. I gained
experience on the equipment used in the inspection process. The following list shows the
equipment I used. There are pictures of most of these machines at the end of this section.

e Cutting Saw - cuts a section of material to be mounted by the mounting processing
system.

e Mounting Press - encapsulates specimens to be metallographically prepared and
examined.

e Grinder - prepares samples for metallographic examination by using progressively
smaller abrasive materials to remove distorted surface material from the sample so it
can be studied under a microscope.

e Stereoscope/Microscope Video package - allows low and high magnification of
prepared samples to view surface coatings and to determine surface discontinuities.

® Measurement System - video measurement system which measures coating thickness
and non-conformities.

e EDAX (energy dispersive X-ray fluorescence) system - Spectra chemical microanalysis

system which uses X-ray energy to excite unknown elements causing them to give off
their own specific energy which allows each element to be identified in a test specimen.

e Magnaflux F P.I. Processing System - uses florescent penetrant inspection to detect
discontinuities exposed to a specimens surface.

o Hardness Tester - performs the Rockwell Hardness Test to determine the hardness of
a specimen.

® Micro-hardness Tester - performs the Rockwell Hardness Test on very small and thin
samples.

o Tensile Tester - determines the mechanical properties of a specimen, such as, ultimate
tensile strength and reduction of area.

o Laser Thread Measurement System - non-contact thread measurement system used for
determining root radius, flank a.gles, functional diameter, etc.
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In the inspection process, there is a chart that is followed in the lab which specifies
the number of samples that must be tested from a certain lot, depending on the number of
pieces contained in the lot. The most ideal method would be to test every part ir a lot, but
this takes too much time and money to be effective. The idea is to choose samples which
represent the entire population. NASA follows the “zero-defect” policy. This policy
states that if one of the pieces in the lot does not meet its’ specifications, the whole lot is
rejected. This strict rejection policy gets the manufacturer’s attention providing an extra
incentive to make parts strict to their specifications.

During my time at the lab, screws were the main items being tested. First, every
inspection machine must be calibrated. Then I would pick a designated number of samples
out of the lot, referring to a chart. Then I would perform a variety of tests on the samples.

The first test I would perform on these samples is a visual test. This would consist
of seeing if they would properly screw into a pre-tapped hole of the screws specified
measurement, and simply looking at the screw to see if there were any noticeable defects.
Then one sample from each lot would be tested for its proper thread dimensions using the
Laser Thread Measurement System. This is a very precise non-destructive test, which
virtually eliminates human error. NASA is one of the few places to have purchased one of
these devices.

Then a chemical test is performed to see if the sample was made of the material
specified. Many times manufacturers have sold zinc coated screws to NASA, while telling
NASA they were coated with cadmium. This is because it is cheaper and easier for the
manufacturers to coat screws with zinc, and they could still charge cadmium coating
prices, if this went undetected. The EDAX machine keeps manufacturers from getting
away with delivering pieces made with material other than what was specified in the
contract. The EDAX is an X-ray device which can determine the percentage of each
clement present in a sample.

A tensile test or hardness test should then be done on the sample. A tensile test
can be done on most screws and is done to see if it meets or exceeds the minimum tensile
strength stated in the specifications. The screw’s length and width must be measured
before and after the test in order for the elongation and reduction of area to be calculated.
This is a destructive test which literaily pulls the screw until it breaks apart in order to find
it’s ultimate tensile strength.

If the screw can not be placed in the tensile test machine, it must be prepared for a
Rockwell Hardness test to be executed with either the Hardness Tester or the Micro-
hardness tester, depending on the specimen’s size. The preparation phase is a rather long
process for this test. First the sp=cimen should be cut, using the cutting saw, to about one
centimeter long. Then, the specimen is mounted using the Mounting Press. A flat,
polished surface, free from obstructions must be exposed in order to do the hardness test.
Therefore, a grinder is used to achieve this purpose, using progressively smaller abrasive
materials to remove distorted surface material. After this process is finished, the sample
can then be tested for hardness. A *est for coating thickness can also be done to the
specimen after it has been prepared in the way stated.



In order to see if a specimen has been coated with the specified amount of
material, the Stereoscope/Microscope Video package is used along with the video
Measurement system. The specimen is magnified many times with this system. The image
of the specimen is shown on a monitor. Pointers can then be toggled around the co=ting
layer of the specimen on the video screen. The system automatically measures the
distance between the two pointers, determining the coating thickness of the specimen
This entire system can also be used to show irregularities in the material. The system can
print a picture of the image displayed on the monitor to be used for the sake of arge- ient
when dealing with manufacturers of faulty components.

The Magnaflux F.P.L Processing System is used mainly for pressure fittings to see
if there are discontinuities on the surface of the specimen. One must be a level III
inspector in order to do diagnose faults in specimens, using this test.

With NASA’s zero defect policy, if any of the tests mentioned above, shows a
result which does not agree with the specifications of the part being examined, all of the
parts are rejected. During my stay, only one of the lots I worked with was rejected. It
was rejected because there were bolts contained in this same lot made by two different
manufacturers. This was made illegal, since the parts lose their tractability causing it to be
impossible, at times, to hold a specific manufacturer accountable for the quality of their
products.
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c:\dx4\xrf\4294.spc

Label:TEST
Prst:200L Lsec:200 11:25:14 7-13-95
Znit
FskK
ca % Cak o
3.00 8.00 9.00 12.00 15.00 18.00 21.00 2400 27.00 30.00 33.00
FS:1380 CPS : 260 Cnts: 2 KeV : 10.58
Element Gross Inten Inten Error
édL 0.49 10.15
CrK 3.17 3.97
FeK 94.35 0.73
ZnK 126.19 0.63
CdK 0.20 15.81

This is an example of output from the EDAX (energy dispersive X-ray
fluorescence) system which is a spectra chemical microanalysis system that uses X-
ray energy to excite unknown elements causing them to give off their own specific
energy which allows each element to be identified in a test specimen. The purpose of
this specific inspection test was to determine if a screw was coated with zinc s stated
in its specifications. The screw was, in fact, coated by zinc as shown by the graph on
this page.
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Abstract

As part of the Advanced General Aviation Transportation Experiments program, the
National Aeronautics and Space Administration’s Langley Research Center is conducting tests to
design energy absorbing structures to improve occupant survivability in aircraft crashes. An
effort is currently underway to de<ign an energy absorbing (EA) sub-floor structure which will
reduce occupant loads in an aircraft crash. However, a recent drop test of a fuselage specimen
with a proposed EA sub-floor structure demonstrated that the effects of sectioning the fuselage
on both the fuselage section’s stiffness and the performance of the EA structure were not fully
understood. Therefore, attempts are underway to model the proposed sub-floor structure on
computers using the DYCAST finite element code to provide a better understanding of the
structure's behavior in testing, and in an actual crash.

introduction

The National Aeronautics and Space Administration (NASA), the Federal Aviation
Administration (FAA), and several aircraft and avionics manufacturers are currently working in
partnership to develop new technologies for use in future general aviation and commuter aircraft.
This goal of this research, known as the Advanced General Aviation Transportation Experiments
(AGATE), is to revitalize the general aviation and commuter aircraft industry in the United
States. There are four major NASA work packages comprising the general aviation cicment of
AGATE: Integrated Cockpit Systems, Propulsion, Sensors, and Controls, Integrated Design and
Manufacturing, and Icing Protection Systems. The goal of the Integrated Design and
Manufacturing package is to develop lighter, safer, and more affordable certified aircraft structural
concepts.

Current Research

NASA Langley Research Center (LaRC) has been conducting impact dynamics research
and full scale crash testing for over 20 years. In recent years, NASA impact dynamics research
has concentrated more and more on composite materials, which will be used much more
extensively in aviation in the future. As part of the Integrated Design and Manufacturing work
package of AGATE. LaRC is conducting research into energy absorbing (EA) structures for use
in next generation general aviation aircraft. NASA recently acquired two seven seat Learfan
aircraft with carbon composite fuselages. One of the aircraft, with the standard metal beam floor
structure, was outfitted with energy absorbing seats, side by side with standard FAA Part 132 9g
aircraft seats, and crash tested at LaRC’s Full Scale Impact Dynamics Research Facility (IDRF)
to form a baseline for future tests. At impact, the aircraft was traveling at 31 fps vertical velocity



and 81 fps longitudinal velocity. The maximum vertical accelerations measured in the seat pans
were approximately 80g in the standard seats and 40y in the EA seats, compared with the human
tolerance level of 50g. However, the test dummies in the EA seats sustained spinal loads of 1600
Ibs, above the maximum human tolerance of 1500 lbs. These results demonstrate that, even in a
moderate impact such as this one, occupants in EA seats would likely suffer severe injuries or
death and occupants in standard 9g aircraft seats would almost certainly be killed.

The next stage in testing is to replace the standard sub-floor structure with an energy
absorbing structure and repeat the test. However, before this can occur, a suitable sub-floor
structure has to be developed and tested. One structure currently under consideration is a box
core flat-faced composite beam. The structure consists of a 0/90 degree fiberglass core with a
skin of +/- 45 degree Kevlar for structural integrity and is filled with rigid closed cell PVC foam.
The structure, which has achieved a sustained crushing load of 240 Ibf per inch length in dynamic
testing is mounted directly under standard T-section seat rails. Recently, this structure was
installed and tested in a 36 inch long full scale fuselage section from a Learfan aircraft. EA beams
were mounted directly to the fuselage and seat rails under standard 9g aircraft seats, which carried
standard instrumented crash dummies. The fuselage section was then drop tested in the IDRF’s
Vertical Testing Apparatus at 30 fps vertical velocity. However, the EA beams did not crush as
anticipated.

After the test, some differences between this test and previous tests in metal fuselage
aircraft which may have contributed to the problem were uncovered. Because, in this composite
fuselage test, the EA beams were attached directly to the fuselage and there were no lateral
beams, the relative stiffness of the fuselage section is more important. Also, the stiffness of the
fuselage section was later determined to be less than that of the same section when it is part of
the entire fuselage. In addition, the energy absorbing floor beams in the fuselage section act
differently from how they would in a full length fuselage. “hese differences are caused by the
shorter lengths of the beams and the differences in restraint at the ends of the beams (both ends
of the 36 inch EA beams in the fuselage section test were unrestrained, whereas they would be
restrained by the rest of the beam in a full length fuselage). It is therefore important to conduct
more research into the effects of varying the lengths of fuselage sections and EA floor beams so
that fuselage section drop tests can be both better understood and made more representative of
full length aircraft fuselages. Efforts are currently underway to model both the fuselage section
and the sub-floor structure on comnuters. The remainde- of this paper focuses on computer
modeling of the seat rail and energ, absorbing floor beam which together form the sub-floor

structure.

Finite Element Modeling

Developing an accurate computer model of the sub-floor structure under consideration is
desirable because it would allow simulations to be run without the trouble and expense of a full
scale test. Although full scale testing is still needed, these simulations could reveal problems,
such as the ones that appeared in the fuselage section test., ahead of time, reducing the need for
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costly re-tests. Computer models can also be used to simulate the behavior of materials under
many different conditions, reducing the need for actual static and dynamic testing. It is hoped
that developing accurate Finite Element Method (FEM) computer models of the sub-floor
structure under consideration will lead to a better understanding of the structure and help
researchers to recognize and correct potential problems before full scale testing is conducted.

DYCAST (Dynamic Crash Analysis of Structures), the FEM computer code used to
model the energy absorbing sub-floor structure is a non-linear structural finite element computer
code developed by NASA and Grumman Corporation (Ref. 1). Two different DYCAST
elements were used to construct the computer model, the SPNG nou-linear spring element and
the TSEC beam element. The SPNG element is a non-linear crush spring with energy absorption
capability. It’s behavior is defined by user-input loading and unloading curves. The TSEC
clement is a beam element with six different integration points and user-input strain hardening
and failure criteria. Each integration point can go plastic or reach failure separately. Also, the
stiffness of each integration point is deleted from that of the whole beam when that point reaches
the failure criteria (Ref. 1).

Modeling Considerations

For the original model used in the static testing, two sets of nodes were defined, along
both the X axis and the line where the ground plane intersects the XZ plane (see Figure 1). Note
that the X axis and the ground are 8 inches apart and that both the X and Y axes pass through the
centroidal axis of the seat rail. The nodes were initially placed one inch apart in the X direction,
along, and directly below the entire length of the beam in consideration. TSEC elements were
defined between the elements along the X axis and SPNG elements were defined between these
nodes, and the nodes directly below them on the ground. Material properties for 7075-T6
extruded aluminum alloy were used, as well as a 32 point Ramberg-Osgood curve to represent the
strain hardening and failure characteristics of the material (see Ref. 2).

Because the cross-section of the seat rail was not identical to that of the TSEC beam, it
was necessary to calculate the moment of inertia and centroid of the beam manually. The
moment of inertia was then input into DYCAST and the thickness of the DYCAST TSEC flange
was varied so that the centroid calculated by DYCAST would be at the proper Z coordinate.
These calculations are included in spreadsheet form as Appendix A The section numbers shown
correspond to those in Figure 1. Next, a finite beam on an elastic foundation model was used to
verify the DYCAST model (see Ref. 3). The DYCAST springs were made linear with K=7500
Ibf per inch deflection and the DYCAST results and elastic foundation results for deflection at
the ends and center, and the moment and maximum normal stress at the center were compared at
several loads applied at the center node of the model. A comparison with a load of 2000 Ibs is
included as Appendix B. It was also necessary to construct a load vs. displacement curve for the
SPNG elements used in the model. For static modeling, a simple 5 point curve could be used,
however, for the dynamic cases. it was necessary to use a 15 point curve to smooth the rapid



changes in slope because of numerical integration problems which would otherwise result. A
typical dynamic spring curve representing a sustained crushing load of 240 1bf/in length is
included as Figure 2. On this curve, negative displacements and forces represent and cause,
respectively, compression. It should be noted that this curve is for springs used with the 1/2
inch length TSEC elements used in some dynamic models, and that the level portion of the graph
is slightly less than half of 240 Ibf to account for the fact that there is always one more spring
than beam element in each model. The static springs have a similar shape, but level off at slightly
less than the 200 1bf’in length value used for the static crushing load (1 inch elements).

Static Model

The first series of tests involved static models with I inch elements at lengths of 12 and
24 inches. and loads of 2475 Ibf and 4800 Ibf, respectively. Graphs of the results are included as
Figures 3 and 4. Please note that all seat ratl displacement graphs represent only the left halves
of the structure. The structures are symmetric about the right edge of the graphs. The inodels
were run on a Digital Equipment Corporation Microvax. All nodes were constrained to allow
translation in only the Z direction and rotation about only the Y axis. The translation restriction
was imposed because of convergence problems with the static integrator. However, in the actual
structure, the elements can also translate in the X direction. For this reason, the results are not
representative of the actual material behavior. Therefore it was desirable to create a more
accurate model.

Dynamic Model 1

In an attempt to more accurately model the behavior of the sub-floor structure. a dynamic
model was created. The model was run at eight different iengths, 12 in, 13in, 14 in, 16 in, 18 ia,
22 in, 26 in. and 26 in. on several Sun Sparc 10 series workstations. The 12 through 16 inch
models used 1/2 inch length elements. while the 18 through 36 inch models used 1 inch length
elements due to a limit DYCAST imposes on the number of elements and the large amount of
processor time required for these modeis. In each case the load was a 104 1bm point mass
applied to the center node of the beam. The beam was then given an initial velocity of 30 fps in
the negative z direction. In an effort to further reduce the computer time required, the symmetry
of the beams used to represent the whole beam by modeling only the left half. To do this, the
strength of the center spring was cut in halt and a mass of 52 Ibm was applied. The center node
was then constrained to no rotation to force symmetry. These models were verified by
comparing them to their full length counterparts and the results were identical. All of the other
nodes along the beam were allowed translate in both the X and Z directions, and to rotate about
the Y axis. A large unloading slope, comparable to the initial slope of the SPNG elements, was
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used to make the deformation permanent. A Newmark-Beta implicit integration scheme was
originally tried, however system energy errors of greater than 1000% resulted. The Wilson-Theta
implicit integrator was then tried, and yielded much better results. This integrator was used for
all remaining models, and system energy errors were all less than 5% and usually less than 1%.

Graphs of the 12, 13, 14, 18, 26, and 36 inch models at 4 millisecond increments are
included as Figures 5 through 10, respectively. Figures 5 through 7 exhibit unusual behavior at
the last three time increments. These are a consequence of the rebound the center node
experiences when it reaches the very steep slope towards the end of the 10ad vs. displacement
curve and the unloading slopes on the springs. Because this behavior is uncharacteristic of the
actual material, deflections after the center has reached the point of maximum Z deflection are
indicated on the graphs as hairlines. A more troubling trend, however, is the large X deflection of
the ends of the beams in all but the 26 inch case. This is not characteristic of the results of
dynamic testing conducted at the IDRF. The large deflections occurred because the model does
not take in to account the strength added to the structure by the EA beam in directions other than
the Z direction. The actual structure also resists crushing in the X direction and the +/- 45 degree
Kevlar fibers in the beam give it a strong resistance to torsion. Next, an attempt \ ‘as made to
compensate for these factors.

Dynamic Model 2

In an attempt to compensate for the composite beam’s X direction crush resistance and
resistance to torsion, springs were attached from the end node of the 13 inch model to a point far
in the positive X direction (so that only X and not Z deflections of the beam wouid affect the
leng:h of this new spring). Springs with loading curves identical to those used on each beam were
then added and the dynamic tests were re-run in a trial and error process until the final X
deflection of the end of the beam was close to that observed in a dynamic test of a 13 inch
specimen. Similar beam-end X deflections were observed with 13 springs attached to the end
(the equivalent of two springs per inch). The model was then run at lengths identical to those
used in Dynamic Model 1 with two springs per inch of model length for 12 to 16 inches, and one
spring per inch for 18 to 36 inches (the springs were twice as strong for these lengths due to the |
inch elements). Plots of the displacements and accelerations of the mass at the center of each
beam are included as Figures 11 through 16. Upon comparing the results of the 13 inch model
(Figure 12) with a specimen from a dynamic test, it was discovered that the Z displacements
along the beam were almost identical. While the X displacements were modeled after those of the
test specimen, the fact that the Z displacements along the beam were the same indicates that the
vertical springs represent the crushing behavior accurately and that the overall model is accurate
for the 13 inch length. It can also be assumed that the models accurately represent the behavior
of 14 and 12 inch specimens because they are close in length to the 13 inch model which has been
verified. However, further research is necessary to determine if the scheme for adding springs to
the end in the longer length models correctly represents the behavior of the material. However,
even if it doesn’t, corrections should be possible by simply adding or deleting springs.



Conclusions

Of the three different types of finite element models attempted, the third one, Dynamic
Model 2, has the most promise. It has demonstrated the ability to accurately model the behavior
of a test specimen, and with a few more dynamic tests, it could be verified and corrected, if
necessary, for other lengths. The Static Model did not accurately represent the behavior of the
material, although this is probably because numerical integration problems necessitated limiting
the degrees of freedom of the beam beyond ~-hat was accurate. However, the static model was
useful in that it allowed for verification with elastic foundation theory. Also, Dynamic Model 1
did a poor job of predicting the material behavior because it neglected the stiffness of the energy
absorbing beam in other than the Z direction. Although Dvnamic Model 2 shows promise, it
might also be usetul to try and model the sub-floor structure with another more advanced finite
element code with the capability to model more complex composite materials. This might
provide an even better understanding of the energy absorbing sub-floor structure’s behavior.
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Abstract

The abjective of the Reusable Software Sysiem (RSS) is to provide NASA Langlcy Research Cen-
ter and its contractor personnel with a reusable software technology through the Internet. The RSS is
casily accessible, provides information that is extractable, and the capability to submit information or
data for the purpose of scientific rescarch at NASA Langley Research Center within the Atmospheric
Science Division.

- Introduction

The Reusable Software System provides a respository for reusable software developed by NASA
and contractor personnel engaged in atmospheric science research and support activities at the Lan-
gley Research Center. This system also provides links to a number of other established software
repositories. The RSS was undertaken as a Quality Action Team (QAT) project by Science Applica-
tions International Corporation (SAIC) and is presently a joint effort with the staft of the NASA Lan-
gley Research Center Atmospheric Science Division.

The World Wide Web (WWW) is the mechanism that allows access to the Reusable Software Sys-
tem. The system consists of a variety of HyperText Markup Language (HTML) documents, also
know as home pages, that display text, graphics, as well as sounds. These HTML documents provide
information for the entire Intemet world.  Each HTML document is an element of a growing reusable
software technology allowing individuals 1o combine their efforts and resources to centralizing
important and useful software.

Quality Action Team and the Reusable Software System

The objective of the Quality Action Team is to promote the exchange and efficient use of computer
software among various groups within the division. The widespread use of workstations, PCs and
Macintoshes has generated a growing need for a vanety of software and methods for allowing these
different platforms to work together. New versions of software packages are being purchased or
developed in-house, but not cveryone in the division has access to these tools. While proprietary
rights may limit the sharing of some of *he commercii pachages, no such restrictions exist for soft-
ware developed within the government. Therefore the creation of a system based reusable software
technology would provide a company with accessible information that can be extracted and submitted
easily. The Quality Action Team addresses the following key issues:

1) Reuse/sharing of software developed by Division employees.

2) Transfer of unused hardwiire components among difterent groups.
3) Software quality assurance and virus protection.

4) lLegality of sharing commercial softwire packages.

Chuck McKinley serves as Chairman for the Quality Action Team. The members of this team con-
sist of Vince Brackett, Bill Chandier, Patrick Purcell, Chuck Turnitsa, David Ayers, and my mentor
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Calvin Mackey. Calvin Mackey and the Data Management Office (DMO) were approached by
Chuck McKinley to become a member of the Quality Action Team due to DMO's desire to create
their own reusable software technology.

Chuck McKinley and Calvin Mackey with the assistance of DMO and the QAT established the
NASA Langley Rescarch Center Ar-ospheric Science Reusable Software System (RSS). The Reus-
able Software System is ac<essible tniough the World Wide Web on the Internet. The system is
accessed through a home page which allows individuals to extract information from the RSS that will
be useful in atmospheric research and projects. The RSS Home Page consists of information regard-
ing applications, computer graphics, CASE tools, programming cade, site-licensed software. com-
pendium of universal constants, freeware, commercial databases. atmosphenc data collections, other
repositories, and uther resources.

World Wide Web

The Web is an access mechanism layered atop existing network services that provides a consistent
visw of many different services. The World Wide Web is comprised of three systems: hypertext, the
Intemet, and multimedia. Hypertext is text within a document which provides a direct link to another
document. The Intemnet is & global system of computer networks. Multimedia is the combination of
different presentational technologies to appeal to multiple senses. The WWW is a unique tool which
allows you to access not only text but also graphics, sound. or video information from all over the
Intemet world.

Hypertext MarkUp Language

HyperText Markup Language is a simple markup system used to create hypertext documents that
are portable from one platform to another. HTML markup can represent hypertext news, mail, docu-
mentation, and hypermedia: menus of options: dutabase guery results; simple structured documents
with in-lined graphics; and hypertext views of existing bodies of information. HTML is how a WWW
browser displays its multimedia documents. The documents themselves are plain text files, also
known as ASCIL, with special “tags™ or codes that the WWW program knows how to interpret and
display on your screen. These HTML special "tags™ define the structural elements in a document
such as headers, citations, addresses, etc.: Liyout information such as bold and italics; the use of in-
line graphics together with the ability to provide hyperiext links. HTML, along with the World Wide
Web, were invented by Tim Berners-Lee of the CERN High Energy Particle Physics Laboratory in
Geneva, Switzerland. HTML allows you to:

1) Publish documents 10 the Internet in a platform independent format
2) Create links 1o related works from your document

3) Include graphics and multimedia data within your document

4) Link 10 non-Worid Wide Web information resources on the Internet

HTML is written in a text editor and by using special HTML commands the user is able to manip-



ulate the text to whatever style or form the individual requires. The HTML commands are simple and
easily understandable:

<HI>,<H2>, .. ., <H6> - Change the size of the font
<P> - Marks the end of a paragraph

<BR> - Stants a new line

<B> - boid

<I> - italics

<UL> - underline

<A HREF> - hyperlink

These commands are just a few of many which allow the user to do numerous things with the docu-
ment.

The command, <A HREF>, is an extremely important part of HTML. < A HREF> is the hyperlink
function that allows quick movement through documents while browsing the Intemet. The <A
HREF> provides a link 10 the direct path of a document without the bother of opening command win-
dows and searching for the pathway. The pathway to the HTML document is called the Uniform
Resource Locator (URL).

Netscape

A Mountain View, CA - bined corporation originally known as Mosaic Communications Corp.,
Netscape was founded in April 1994 by James H. Clark, founder of Silcon Graphics Inc., and Marc
Andreessen, creator of the original NCSA Mosaic prototype. Led by Andreessen and a team of soft-
ware developers, Netscape liunched its beta version in October 1994 and guickly took the world by
storm. Netscape s browsers come in three flavors: UNIX, Windows, and Macintosh, all of them vir-
tually identical from the user’s perspective.

Netscape sought to stand apart from the masses by supporting features not included in the HTML
specifications. Netscape established the inclusion of special extensions, non-standard HTML, that
allowed users to format data on pages in a more elegant fashion than had previously been available,
such as wrapping text around a graphics image. Other extensions for special features included blink-
ing, scaling the size of the fonts used, and centering were also added.

CERES Software Bulletin's Home Page

The Cloud and Earth’s Radiant Energy System (CERES) Software Bulletin's Home Page wa. .he
first HTML document . Maria Mitchum, member of the Data Management Office, supplied the bulle-
tins and requested that they be posted on the Internet for easy readable access. The bulletins were
sent through email in a file and had to be converted into postscript form. The application Ghostview
was needed to display the bulletins on the screen. Ghostview allows the bulletin o be displayed on
the screen while the Netscape window remiins free. The CERES Software Bulietin’s HTML docu-
ment read the following code:
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<title>CERES DMS Software Bulletins </title>

<hr>

<h1>Clouds and Earth’s Radiant Energy System (CERES)</hl >
<IMG SRC="hutp://asd-www/tmorgan/news. gif ">

<hr>

<h2>CERES DMS Software Bulletins</h2>

<h3>

<ul>

<li><a href="http://asd-www/ceres/CERES_SB_95-01.ps">CERES Bulletins Purpose & Mailing
List</a>

<li><a href="htip://asd-www/ceres/CERES_SB_95-02.ps">CERES Standard Routine Prologue</a>
<li><a href="hup:/fasd-www/ceres/CERES_SB_95-03.ps">CERES Release | Grid Bulletin</a>
<li><a href="http://asd-www/ceres/CERES_SB_95-(4.ps">Revised CERES Standard Routine Pro-
logue</a>

<li><a href="http://asd-www/ceres/CERES_SB_95-05.ps">Release | Data Product Module Guide-
lines</a>

<li><a href="htp://asd-www/ceres/CERES_SB_95-06.p»">FX) Debugger General Information</A>
<ul>

<li><A href="http://asd-www/ceres/FH)-Users-Notes">F9) Users Notes </a>

<ful>

<li><a href="htp://asd-www/ceres/CERES _SB_Y5-07.p:">CERESIib README Guidelines</a>
</ul>

</h3>

<p>
<address>Last Updated Thursday, July 26, 1995 15:15 EST<address>
<a href="http://asd-www/cgi-binftem_home.cgi"> <i>Timothy Morgan</i></a>

<hr>
<i><a href="htip.//asd-www/ceres/docs.html"><imyg src="http://asd-www/tmorgan/greystar.gif">
Back to On-line Documentation</a></i></ul>

This HTML document is located at this URL, hup://asd-www/ceres/bulleting himl.
Reusable Software System Home Page

Calvin Mackey expressed a need for more HTML teatures to be incorporate into the Reusable
Software System (RSS) Home Page. Calvin Mackey wanted to display the time, date, and the num-

ber of times the page had been accessed at the top of the page. To do this two programming lan-
guages, awk and perl, had to be used. Awk was used to keep an accurate count of the number of times



the page had been accessed. Perl was used to display the current time and date.
Mark Shipham, member of DMO, provided technical support in the creation of the awk program.
The program read the tollowing code:

#!oin/sh
awk '{print (int($1)+ 1)}’ /home/docs/ceres/RSSHOW_MANY > /home/docs/ceres/temp
\mv /home/docs/ceres/temp /home/docs/ceres/RSSHOW_MANY

The program called for the creation of a file called how_many. How_many is the file that stores the
number of times the page had been accessed. The program calls the file, how_many, adds one to
whatever number is currently in the file, then displays that number on the home page.

Calvin Mackey provided technical support in the development of the perl program. The date pro-
gram read the following code:

#!/bin/sh
DATE=/bin/date
echo Content-type: text/plain
echoif | -x $DATE |. then SDATE
else echo Cannot tind date command on this system.
fi

The first line of code, #!/bin/sh, tells the computer this is a perl script file. Without that first line the
computer woula not recognize the commands that follow. The time is a standard part of every UNIX
system and does not need a special perl program but time is still called by the perl program in the RSS
HTML document.

When modifications were made to the RSS Home Page. the programs were implemented into the
RSS HTML documents. For the programs to work the RSS HTML document had 1o be moved to a
different directory, cgi-bin. This directory allows all executable programs to run therefore the RSS
HTML document had 1o be converted into a perl script file, R§S1.cgi. The code that was added to
the document allowed the computer to read the text in the new directory. Key commands such as
echo, #!/bin/sh, and #!/bin/csh were recognized by the computer as perl commands.  These lines
were recog “ized as awk and perl programming code:

Date and Time (Perl Program)

echo "“date -u '+Itis %h %d, 19%y and the current time 18 %H:%M Z (GMT)."™
Access Number (Awk Program)

echo " /home/docs/htbin/RSSCOUNT ™

echo "<B.’cat /kome/docs/ceres/RSSHOW _MANY </B>"

Since the RSS HTML document had been converted to a perl script file, a new file had to be cre-
ated to call the document to the screen. The new tile, named RSS, calls the document to be executed
through the cgi-bin directorv. The RSS file also resides in the cgi-bin directory. The RSS Home Page
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is founded at this URL, hup://asd-www/cgi-bin/RSS.

Inforinix Tutorial

Calvin Mackey also requested the Informix Tutorial be transferred into a HTML document. Infor-
mix is a relational database management system (DBMS) that allows the user to create tables of data
and to relate them to each other based upon common fields. Informix is needed by the ERBE/CERES
project for tracking purposes.

The Informix tutonial was instalied on WWW to provide easy access and increase the leaming-
curve cfforts of new members of the ERBE/CERES project. The Informix tutorial is informative and
descriptive allowing the viewer full comprehenion of the material. When all revisions are completed,
the ttonal will be placed in on the RSS Home Page.

Conclusion

The CERES Software Bulletin Home Page, the Reusable Sofiware Systemn Home Page, and the
Informix Tutorial are a part of the resuable software technology that is a vital part of Langley
Research Center. Each HTML document offers employees of NASA, contractor personnel, as well as
Internet users the opportunity to be informed and educated on the many research projects at NASA.
Placing this wealth of knowledge on the Internet provides easy access, extractable information, and
submitable information to increase the communication und broaden the research tools at Langley
Research Center.

With the motto “better, faster, cheaper™ at the front of a new era, a reusable software technology,
like the Reusable Software System at Langley Research Center, will become increasingly more
important as projects and research requin coftware that has already been created. The Reusable Soft-
ware System will provide NASA .. gier <esearch Center with the technology to incorporate the
many technical research projects in o central location. The Atmospheric Science Division of NASA
Langley Research Center has realized the imporntance of reusable software technology therefore the
Reusable Software System is a step in a positive direction.
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ABSTRACT

As both computers and flow-analyzing equations have increased in sophistication,
computational fluid dynamics (CFD) has evolved into a fixture for ad-anced aircraft design.
While CFD codes have improved in accuracy and efficiency, their ability to encompass viscous
effects is lacking in certain areas. For example, current CFD codes cannot accurately predict or
correct for the increased drag due to these viscous effects at some flow conditions. However, by
analyzing an airfoil's turbulent boundary layer, one can predict not only flow separation via the
shape factor parameter, but also viscous drag via the momentum thickness. Various codes have
been written which can calculate turbulent boundary layer parameters. The goal of my researci is
to develop procedures for modifying an airfoil (via its local pressure distribution) to eliminate
boundary layer separation and/or to reduce viscous drag. The modifications to the local pressure
distribution necessary to achieve these objectives will be determined using a direct-iterative
method installed into a turbulent boundary layer analyzer. Furthermore, the modifications should
preserve the basic characteristics of the original airfoil.



ELIMINATING FLOW SEPARATION AND REDUCING VISCOUS DRAG
THROUGH BOUNDARY LAYER ANALYSIS AND MANIPL: . ATION

As both computers and flow-analyzing equations have increased in sophistication,
computational fluid dynamics (CFD) bhas evolved into a fixture for advanced aircraft design.
While CFD codes have improved in accuracy and cfficiency, their ability to encompass viscous
effects are lacking in certain areas. For example, current CFD codes cannot accurately predict or
correct for the increased drag due to these viscous cffects at some flow conditions. However, by
analyzing an airfoil's turbulent boundary layer, one can predict not only flow separation via the
shape factor parameter, but also viscous drag via the momentum thickness. Various codes have
been written which can calculate turbulent boundary layer parameters. My research project
involved devcioping a procedure for modifying an airfoil (via its local pressure distribution) to
climinate boundary layer separation and/or to reduce viscous drag. The modification to the local
pressure distribution necessary to achieve these goals would be determined using a direct-iterative
met.aod.

My research project required a turbulent boundary layer analyzer. 1 selected a code,
written by Gary Warren, which utilizes Green's direct lag-entrainment method. This code solves
for boundary layer par.ineters, such as displacement thickness, momentum thickness (8), and
shape factor (H), based on inputted free strzam conditions, local pressure (Cp) distribution, and an
initial value of 6. Unfortunately this code was written in FORTRAN, while I had leamed C. 1
therefore borrowed a FORTRAN manual and spent my first few nights learning FORTRAN.

My first task was to edit the code to input data from a more convenient data file. The
code originally input data from an archaic namelist that was time-consuming to modify. With this
task accomplished, [ needed to run some test cases in order to verify the code's accuracy. | found
an AGARD report that contained experimental boundary laver data for various airfoil
configurations. | selected three test cases: The first case exhibited completely attached fiow, the
second case exhibitec flow that neared separation. and the third case produced separated flow.
The code yielded very accurate theoretical data for the first two cases. One drawback of the
direct lag-entrainment method is its inability to produce accurate boundary layer data for
separated flow cases. However, my code remained fairly accurate for even the third test case.
Confident in the boundary layer analyzer, 1 was ready to proceed with my research.

In order to examine the effects alterations to the C, distribution would have on the H
distribution, | needed an easy way to qualitatively compare my calculated data. The original code
output data into a large table. It was difficult, and very time-consuming, to compare various
tables from different test cases. I therefore modified my code to graph both Cp and a user
specified boundary layer parameter versus x/c location. As a result. I could quickly compare
multiple sets of data. | also required a convemen: method for modifying the inputted Cp
distributions. [ chose to approximate each Cp distnbution with a system of linear segments joined
together at "control points.” (Figure 1) [ altered the code to present the user the option of
inputting a Cp distnbution via these control noint coordinates. | a1 created an option which

allows the user to interactively move onc o e control points using a mouse.
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After these modifications, 1 was ready to contrast H distributions produced by various Cp
distributions. I chose a base-line Cp distribution composed of five lincar segments as defined by
six control points (Figure 1). | created dozens of test cases by varying the height and/or slope of
these segments. After observing the resulting changes in the H distributions, 1 developed some
fundamental conclusions. 1 observed that a change in the C; distribution has no effect on the H
distribution (or any other boundary layer parameters’ distributions) upstream of the change. I also
concluded that the sharp increase in H near the shock is determined by the pressure gradient
across the shock. Furthermore, I observed that in front of the shock, a decrease in Cp causes an
increase in H. Behind the shock, however, a decrease in C, typically results in a decrease in H.

Armed with a qualitative understanding of the relationships between Cp and H, 1 sought to
develop a procedure for modifying an existing Cp distribution to return a desired H distribution.
Since H is often used as a separation criterion, I would then be able to construct a C, distribution
with fully attached flow. I first looked to develop a routine for reducing the rise in H due to the
shock. By raising tac Cp value of control point three (Cy(3)), I could decrease the strength of the
shock, and thus diminish the rise in H due to shock. Unfortunately, adjusting only control point
thre. would change the area under the C, distribution, and thus alter the lift coefficient.
However, by simultaneously lowering the C, value of control point two as I raised the C, value of
contro! point three, I would decrease the shock strength while conserving the area under the Cp
curve. Thus the rise in H due to the shock would be lowered without upsetting the lift coefficient.
In order to install this procedure into my computer code, | needed an expression to quantitatively
predict this increase in Cp(3) requisite for a desired decrease in the maximum value of H within
the shock region. After trial-and-error, I selected an expression of the form:

ACy(3) = A*H*AH,,,, + B*H*(AH,,,)?
Since this expression is an approximation, I had to make the procedure iterative within the code.
Despiie being iterative, the procedure requires little CPU time to achicve a high degree of
accuracy. (Figure 2.) Itis also worthy to note that this shock-adjusting procedure can be used to
increase a shock's strength if desired.

in order to remove any flow separation that occurred after the shock region, I planr»d to
"locally” adjust the Cp value at each point where H exceeded some specified Hm. This
technique differs from the previous “shock-reducing™ method where Cp values upstream of the
separation point were modified. Early attempts to predict a local change in Cp that would yield a
desired change in H were unsuccessful. U fortunately, multuple C, values exist which produce a
s‘ngle desired value of H. My code needed to predict a change in Cp that would not only produce
a desired H value, but also preserve the charactenistics of the © distribution. (While there are
vanious Cp values that will produce a desired H, there exists a unique Cp value that will produce
both the desired H and © values). With continued investigation and tnial-and-error, | developed
an expression of the form:

ACp = A*(AH/H) + B*(AHZ/H)
which accomplished this with reasonable accuracy. (Figure 3.) With procedures for both reducing
H within and after the shock region, my code could now redesign an airfol to avoid separation at



specific free stream conditions. 1 now aspired to devise a process for reducing an airfoil’s viscous
drag.

While H predicts flow separation, the value of © at the trailing edge (6, . ) of the airfoil
predicts viscous drag. In order to minimize viscous drag, onc must minimize 8, . (viscous drag
also depends on H, ., but lowering 8, . has the greatest influence on the reduction of viscous
drag). Thus, I required a procedure for redesigning a C, distribution around a desired value of
©, ... Atthe same time, I wanted the basic characteristics of my C, distributions to remain fixed.
In order to accomplish this, I first scaled the existing © distribution so that © at the trailing edge
of the airfoil would equal a user specified target value. Thus, the new target O distribution would
maintain the same characteristics of the original © distribution. | now only needed a procedure
for modifying an existing C, distribution to produce this desired target © distribution. 1 once
again chose to usc a direct iterative method.  After much experimentation, I developed an
expression of the form:

AC, = A*(AB/8) + B*(A6%/8)
This expression produced an accurate estimation of the required change in Cp needed to produce
a desired change in ©. After installing this iterative procedure into my code and running some
test cases, | was pleased with the results. Designing to a target O distribution is much more
efficient than designing to a target H distribution: it requires fewer iterations (and therefore less
CPU time) to achieve a desired tolerance. Figure 4 shows an example where | have used this new
procedure to reduce the drag of an airfoil by nearly five counts.

With separate methods for redesigning a Cp distribution to produce both desired H and ©
distributions, I now sought to create a procedure for redesigning an airfoil to simultancously
produce both target boundary layer distributions. Unfortunately. it is sometimes impossible to
design an airfoil to meet two stringent criteria. Therefore. one of the criteria must take
precedence over the other. Then, if a Cp cannot be modified to produce both boundary layer
design criteria at a given x/c location, the code will insure that at least the pnmary design
constraint is met. With few alterations to my existing code, I installed this procedure. Basically,
the code modifies the existing Cp distribution to remove any secondary criterion violations. Once
this has been accomplished. the code checks for primary criterion violations. If the code
encounters any such violations, it readjusts the Cp distribution accordingly.

One drawback of these various methods for recucing separation and viscous drag is the
tendency for the value of Cp at the trailing edge (Cp 1) to become increasing smaller. Typically,
Cp 1. for a given airfoil is fixed around a value of 0.1. | needed a procedure for redesigning an
airfoil, with the added constraint of keeping Cp . constant. Unfortunately. this added constraint
createc «he possibility for even more cases with "no solutions.” However, I felt this constraint

was too important to over-look. Therefore, 1 devised a fairly simple subroutine that uses
triangulation to adjust the Cp distribution after the shock unul this trailing edge constraint is met.

(During this stage of my research, | determined that a linear Cp, distribution after the shock results
in the lowest value of ©, . ) I even included the option of maintaiming constant lift and moment
coefficient t Jding or subtracting a parabolic increment to the C;. distribution as needed. Figure
5 illustrates an example ot this hift coefficiemt conserving technmique. Readjusting the Cp
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distribution to constrain Cp . unfortunately can create more boundary layer parameter violations
(H and/or © may once again exceed their specified limits). One would then have to redesign the
Cp distribution to eliminate the new violation, which in turn could cause another Cp ¢ .. violation.
Continuing this iterative procedure will cause eventual convergence on the solution, assuming one
exists.

My completed code meets all of the original project goals. It can eliminate flow
separation about an airfoil, as well as reduce an airfoil’s viscous drag. Despite utilizing direct-
iterative procedures, the code remains efficient. However, installation of a proven boundary layer
analyzer that uses the indirect lag-entrainment method would eliminate the need for most of the
iterations. Unfortunately, no such analyzer was available during the course of my research.
Regrdless, the UNIX based workstations 1 used for my research provided more than enough
processor speed to run my program swiftly.
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Abstract

The main objective of my time spent at the NASA Langley Research Center was to assist in
the production of electronic images in the Electronic Photography Lab (EPL). The EPL is a new
facility serving the electronic photographic needs of the Langley community.

Introduction

The purpose of the Electronic Photography lab is to provide Langley with access to digital
imaging technology. Although the EPL has been in operation for less than one year, almost 1,000
images have been produced. The decision to establish the lab was made after careful determination
of the centers needs for electronic photography. The LaRC commnunity requires electronic
photography for the production of electronic printing, Web sites, desktop publications, and its

increased enhancement capabilities. In addition to general use, other considerations went into the
planning of the EPL. For example, electronic photography is much less of a burden on the
environment compared to conventional photography. Also, the possibilities of an on-line database
and retrieval system could make locating past work more efficient. Finally, information in an
electronic image is quantified, making measurements and calculations easier for the researcher.

Approach

One of the main goals of the lab is quality consistency through standardization. Although
many steps in producing the master image file require subjectivity, there are rigid protocols
throughout. There are three very basic steps in the production of an electronic image; capture,
processing, and output.

Capture
An image can be captured by one of three methods. The first, and most common, is film

capture. Photographic film, negatives or transparencies, are captured using a high resolution (5000
pixel linear CCD array) film scanner. The Leafscan 45 is capable of scanning film sizes from
35mm to 4x5 inches. The approximate maximum ling frequency of the scanner is 5000
pixels per inch (ppi) for 35mm, 2500 ppi for 70/ 120122(§'nm and 1200 ppi for 4x5 inch films.
The resulting image files generally are between 60 and 105 MB.

The second, and least common, method of image capture in the EPL is reflective material
scans. The Epson ES 800C flatbed scanner is used for photographic prints, it has a 400 pixel
linear CCD array. Because of the lower resolution, the flatbed is used only when other options
have been exhausted.

Scanning films and prints can be very time consuming. The average 6x7 c1n film scan takes
approximately 30 minutes. Fortunately, electronic capture is also an option. The Kodak DCS460
electronic camera has a 2000 x 3000 pixel CCD area array and the images download easily onto the
EPL computers. The camera has successfully been used by the lab to capture images for
publications and Langley Web sites. Other advantages of electronic capture are: the complete
bypass of chemical processing, instantaneous results, and the economical advantage of lower,
long-range material costs. The specific DCS camera used for the above mentioned projects was on
loan to the lab while wai:ing for one on back order. However, when the camera arrived it was
found during testing, the CCD array had defective pixels and has since been sent back to the
manufacturer. A replacement is expected soon.

Once the image is in electronic form, the processing stage begins. The final file produced
in this phase will be called the “Master Image File” (MF). From this file, any type of desired
output is created and the file itself wili be of the highest possible quality and image integrity. The



pu;;;ose of processing the image is to optimize detail and maintain best possible color and tonal
quality.

Input Levets: ﬁ@@ % thput Lovels: -
Cleed)
Gase-)
(O]
Output Leveis: (8] [255 ] m
AR 3 Dm
Figure I Uncorrected lcvels. Figure 2 Corrected levels.

The electronic file is brought into the Photoshop 3.0 image processing program, named by
its “L number,” and the designation that it is a “raw file.” The image has 256 levels of grey
including pure white and black. These levels, if not alriady well distributed, are adjusted to
maximize tonal range (see Figures 1 and 2). Tonal correciions are always made first because poor
tonal distribution can also affect color shifts. The changes in the levels are saved in a separate file
and applied to the image. If the image needs furthe: modification in either cc:or or tone, the
corrections are made by adjusting the curves.

Figure 3 Examples of image curves.

There are four curves for the image, one for each red, green, and blue channel as well as
one for the combination of the three (see Figure 3). The combined RGB curve is used to alter
contrast, while the individual channel curves are used to compensaie for color shifts. Just like in
conventional color printing, each channel affe *s two colors - the color of the channel and its
opposite (red/cyan - green/magenta - blue/yellow).
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Figure 4 Example image. Figure 5 Enlarged area.

Once the image density and color are corrected the MF size is determined. The image file is
examined under high magnification of approximately 16:1. An image file will be reduced if an
edge transition (from an area of critical focus) spans over five pixels and single grains span over 3
pixels (see Figure 5). Reducing such an image by spatially resampling will not result in significant
information loss. Should an image to be reduced be determined 1s excessively grainy, a median
filter is applied before file size reduction. After the file is tone/color corrected and the final file size
i5 applied to the image, a second file is created with the ““In Process” designation.

The next step in image processing is to print the electronic file a~d make final decisions on
the tone and color quality. Although the monitors are carefully calibrated. the characteristics of the
phosphors change throughout the course of a day. It is also suggested that the human eve is more
critical with printed matenial than with CRT screens. The file is printed on the Fujix Pictrography
3000, photographic quality color printer. Currently the Fujix cannot print files larger than 30 MB,
so the “in progress” file 1s reduced to 320 ppi with a width of 4.5 inches. Before the file is sent to
the printer, a curve Look-up Table (LUT) is applied to compensate for the density differences
between the CRT screens and the Fupix prints. The print is viewed under the MacBeth
Spectralitell using the three main light sources - incandescent, daylight, and fluorescent. If the
image needs further correcting the levels and curves are adjusted and applied 1o the original raw file
and a new “in progress’ file is created.

The hinal, and sometimes most time consuming, step in image processing is the removal of
dust and scratches. Snotting is performed on the “in progress” file that has been determined to be
of good image qualny. Unintended marks are most problematic in film scanned images. In
addition to dust and scratches, some of the older negatives have damage to the emulsion such as
cracking and mold. The spots are removed by copying a similar part of the image over the
blemish. At this point the file 1s saved as a master image file and permanently stored on CD. From
this master file the original requesters output, and any other future output, is made.

Qutput 0 ‘ :
The most common uses for electronic files have been halftone iinages, Fujix prints &

transparencies, TIFF files for documents, and monitor files for Web pages. Another option in the
EPL includes film negatives and transparencies frem the Solitaire Image Recorde: The Solitaire
writes the image (o film. either negatives or transparencies, and will accept film sizes of 35mm and
4x5 inches. All these different outputs can be created from the same master image file by simply
applying a curve to compensate for the outpul device. A curve can also be apphied 1o the master
itage file for quality eutput on almost any device that can be cabbrated.




Equipment
The Electronic Photography Lab has five workstations. Three stations are designed for

image processing, one is designated for printing, and the last is used to write electronic images to
photographic film. The stations are labeled by names of colors for ease of identification.

" ) i age Processin
e Power Macintosh 8100/80 (264 MB RAM/ 250MB Hard Drive)
e Apple 19" multi-scan color monitor
e Andataco 2.3 GB external hard drive
e PLI 1.3 GB 5.25” Magneto Optical drive
e Tahoe 128 MB 3.5” Magneto Optical drive
o Leafscan 45 film scanner (35mm -> 4xS inch formats)
o APC Smart UPS 1250 battery back-up/surge protector

o " -Ima ing/CD Wrj

¢ Power Macintosh 8100/80 (264 MB RAM/ 250MB Hard Drive)
¢ Apple 19" multi-scan color monitor

¢ Andataco 2.3 GB external hard drive

e Tahoe 128 MB 3.5 Magneto Optical drive

o PLI 1.3 GB 5.25 Magneto Optical drive

¢ Pinnacle Micro CD writer

¢ APC Smart UPS 1250 battery back-up/surge protector

“Yellow” - Image ing/Pri \ining

¢ Power Macintosh 8100/80 (264 MB RAM/ 250MB Hard Drive)
e Apple 19” multi-scan color monitor

¢ And~taco 2.3 GB external hard drive

o Tahoe 128 MB 3.5” Magneto Optical drive

¢ PLI 1.3 GB 5.25” Magneto Optical drive

¢ Epson ES 800C flatbed color scanner

e APC Smart UPS 1250 battery back-up/surge protector
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“Blue” - Image Output

e Macintosh Centris 650 (136 MB RAM 80MB hard drive)
e Apple 13" muiti-scan color meniter

e APS 730 MB external hard dnive

e T3hoe 230 MB 3.5” Magnet» Optical drive

e PLI 1.3 GE 5.25" Magneto Optical drive

» APC Smart UPS 1250 hattery back-up/surge protector

e Fujix Pictrography 3000 printe-

“Red” - Lmage Output

e Macintush Centns 650 (136 MB RAM 80MR hard drive)
e Appic 13" muiti-scan color monitor

e Andataco 2.3 GB external hard drive

e Tahce 230 MB 3.5” Magneio Optica! dnive

e APC Smart UPS 1250 battery back-up‘surge protector

e Solitaire Image Recorder film writer

TVEr

® Mac{ritosh Jit
* 2.3 Gi5 extemal haridrive

“Grey” - Electronic Photography Support/Word Proressing

e Maclntosh PowerBook 5340¢ {36 MB RAM 500 MB haurd drive)
e MicroSystems PCMCIA drive

With the exception Of the server, all the computers are equipped with Adobe Photoshop
version 2 O for image retrieval, processing. and output. AppleShare 1s used to connect the EPL
computers to the server and the Langiey community  Mathmatica was used to create the curves
applied to files for output, it 1s not used on a daily basis.

Conclusion

The EPL. meets its goal of “sipporting the acquisi ‘on, analysis, documentation, and
communication of research by providing direct digital image capture; image scanning. processing,
and enhancement; and optimized device dependent imaging protocols for output.” The personnel
and equipment 1n the lab wilj be forever-changing with techaology in order to fuifill this mission.
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“Put on your tennis shoes, get out there, and meet people!”
-loosely paraphrased from Dr. Joseph S. Heyman

Technology transfer is a dynamic process, involving dynamic people as the bridge
between NASA Langley Research Center and the outside world. This bridge, for non-

aerospace applications, is known as the Technology Applications Group. The introduction
of new innovations and expertise where they are needed occurs through a “push™ and
“pull" process. A “‘push’ occurs when a new technology is first developed with high

€O, potcnualandthcnacompanynsfomdtohoenceorﬁmhcrdevclopdt
technology. The “pull” process occurs through problem statements. A company or group
will submit a written statement of what they need and the of commercially
available technology. The Technology Transfer Team (T3) reviews problem
statemerts and decides where NASA LaRC can offer assistance. A rescarcher or group of
researchers are then ideatified who can help solve the problem and they are put in contact
with the company. Depending upon the situation in either method, a Space Act Agreement
(SAA), or outline of the responsibilities for each party, is developed.

My mentor, Marisol Romero, developed a two-part project for me, centered around
the process of handling problem statements. The first part was to follow through the
answering of a problem statement, to develop a technology for someone and deliver it. The
second part was to create a database of the expertise at Langley so that the T3s would know
whether the Center could handle incoming problems and, if so, find a researcher whose
expertise matched the need. In the creation of this database, I would have the opportunity
to gain an overview of the center, as well be exposed to a number of engineering
disciplines.

As the first part of my project, I assisted in answering a problem statement from an
Adult Day Care Cente in Virginia Beach. One of the patients, a young woman with
cerebral palsy, needed a better computer interface. Her only method of communication was
to select a word from a list, vocalized and recorded by computer. The switch she had been
using to select a word required an attendant, and was difficult to use when her head
position varied. For this project, Marisol asked Bruce Little, from the Fabrication
Division, to mentor me. After a site visit to better understand the specifications of the
project, Bruce Little and I sat down to design a solution. This was my first time designing
and building a device, and Bruce Little was exceptionally receptive to my ideas. He made
me feel like a team member rather than a simple observer of his work. We asked advice
from people in several different ar2- of the center, and brought together pieces and ideas
from all of them to make a “Chin Mouse”.

A “Chin Mouse” device is a helmet mount with an adjustable arm extending
underneath the chin. At the end of the arm is the microswitch apparatus, which is activated
by a depressible platform. The helmet is fully padded, and can be adjusted in height and
width, while the arm can be attached to either side. This provides the flexibility needed.
while allowing independent access to the computer. The “Chin Mouse” is also easily
adaptable for others with similar handic~n<

After the fabrication, I encountered the next step in the technology dissemination
process, the legalities of intellectual property. 1 wrote and submitted an Invention
Disclosure, and have followed the beginnings of the patent process with vested interest.
More important than a possible patent, however, is the fact that our invertion helped this
young woman. Marisol, Bruce and I went to present it to her, and she s_emea pleased



with it. (see attached photo and letter) The story has also been picked up by Channel 3
news and local papers, which provides positive community publicity for Langley and the
technology transfer process.

In this particular case Marisol drew upon her previous contacts to choose Bruce
Little for this project. This is the way that most problem statements are matched with
researchers, ensuring cooperation but not taking full advantage of the Center resources. In
order to allow the T3s to explore resources beyond their personal contacts, Marisol saw
the need for the second part of my project: to gather information aboui the expertise at
Langley and organize it into a database which can be searched for keywords to match a
problem statement with a person who can support it.

I approached this second portion of my project by first was to gathering the
functional statements of each group, division, and branch. This provided a fairly specific
view on the type of research each section of the center was performing. Along with this
information, I also received a detailed breakdown of the resources of the Fabrication
Division, cataloging the type of personnel as well as each machine. This particular
document also included the Fabi.cation Divisions of Ames, Dryden and Lewis, allowing us
to possibly redirect a problem statement to a more appropriate facility. From this more
general information, I was then able to begin interviewing specific people. This is the
intended level of the database, in order to pinpoint an actual person to contact. I met the
people I interviewed in three ways: through personal introduction, through further
exploration of technologi~s Marisol was working with, and through problem statements |
was given to work on. The people of this center were wonderful in their willingness to
take the time to explain their work to me, and in this way 1 expanded my knowledge of the
possible fields of engineering.

Marisol first introduced me to Milfred Thomas, who runs the Optical
Testing Laboratory. He is a laser expert, and to illustrate his work he allowed me to assist
in the construction of a laser head. I was also given the opportunity to help him in the
design and fabrication of a flow-measurement mount and power supply. Through Bruce
Little I met Lisa Jones, an acrodynamic engineer studying crashworthiness, who provided
a literal overview of the center while she explained her job from th~ top of the Impact
Dynamics and Crash Testing facility. In working with Diane Fly..u, a fellow LARSS
student, I became well versed in composites, starting with a brief lecture on the subject by
Paul Hergenrother, who works with composites and adhesives. Next, Dr. Ruth Pater, the
Senior Polymer Scientist in the Materials Division, gave me a tour of her lab and a
description of one of her inventions: the High Performance Polyimide, LaRC RP 46.
Finally, Phil Ransone and Phil Glaude explained the carbon-carbon piston concept,
providing a background on engines as well as the material.

While Marisol was currently working on the process of matching companies to
several technologies, I was also able to observe the commercialization process, and became
acquainted with several of the “hot” technologies. To gain a better understanding of these
technologies, and to add to my database, I visited a few of the “hot” labs. The inventor of
the Extended Attention Span Training system and the Crew Response Evaiuation Window,
Dr Alan Pope, gave me an overview of his work as well as tat of the entire branch. The
Crew/Vehicle Integration Branch works on the human factors issues, trying to create
machine systems that complement and enhance human capabilities. Another new
technology of interest is the piezoelectric material THUNDER, which I was introduced by
Richard Hellbaum, Robert Fox, and Robert Bryant. This group of an electrical engineer, 2
microelectronics technician, and a chemist, respectively, are developing applications for
this material which moves when voltage is applied to it, with a better displacement for
energy input ratio than available elsewhere. Lastly, James McAdoo explained to me his
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highly marketable method of Digital Mammography, a faster, better way to scan tissue
using a mosaic of CCD’s to generate high resolution digital images.

I was also given several specific problem statcments to look at, and in my search to
find researchers I added to my database. One of the problems was from a textile machinery
manufacturer, who wanted a system for monitoring the alignment of a pocket on a
shirtfront before sewing. 1 went to the Data Visualization and Animation Lab (DVAL), and
found the ir expertise so useful that | arranged for them to present their work to several
interested members of TAG including Joe Heyman, the Deputy Director. The DVAL team
works in scientific visualization, which is applicable to everything from producing
presentation quality videos to computational fluid dynamics. The next problem involved
diagnosis of premature infants with Rentinopathy of prematurity, an eye disease resulting
from abnormal retinal development and causing blindness. The difficulty arises in the
observation of the retina and the display of the information gathered. Surgeons are using a
+ideo camera to record the retina, but are unable to compile the running film into a usable
map of the blood vessel system. Complications arise from the lack of a point-of-reference
for the images on the film, as the infants move their eyes. For this problem I went to
Donald Cahoon, in the Atmospheric Sciences Division. He is an expert on remote sensing
and offered to relay several suggestions to the requestor. The last person I i :: through
problem statements was John Companion, who I approached for help on more than one
occasion. He works in Non-Destrucrtive Evaluation, developing items such as a Tissue
Simulating Gel and a Bladder Scanner for volume measurement.

Theoughout the completion of my project, I met several other people whom I
cannot fit into neat categories in my database. I was allowed to sit in on a meeting between
the THUNDER team and representatives from McDonnell Douglas, during which I was
able to watch ideas being thrown out as they were thought of, and in trying to follow the
discussion I learned more than in most lectures. I was also able to meet the incoming class
of astronauis when they visited Langley. I spoke with David Williams, who give me a
personal perspective on the selection and the requirements of job which symbolizes<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>